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I.0 INTRODUCTION 

This document presents the results of the investigation of 

environmental impacts from past disposal areas at the former U.S. Naval 

Training Center (NTC), Bainbridge, Maryland (Figure l-1). The Navy 

identified two sites at NTC Bainbridge that pose a potential threat to 

human health and the environment: a former on-base sanitary landfill, 

and a former oil separator pit used to drain waste fuel oil used during 

fire fighting training activities. Versar installed ground-water 

monitoring wells at each site and collected samples of ground-water, 

surface water, and sediments to verify the existence of environmental 

contamination from the landfill area and the oil separator pit area. 

Versa also used the data collected to apply the U.S. EPA'S Hazard 

Ranking System (HRS) model to the sites. 

Section 1.0 of this report contains a description of past disposal 

activities at the landfill and the oil separator pit, and presents a 

discussion of the local environmental setting and demographics. 

Section 2.0 describes Versar's site investlgatlons, and Section 3.0 

presents the analytical results of sediment, ground-water and surface 

water sampling. AudlyLiLdl data is evaluated in Section 4.0 and Versar's 

conclusions and recommendations based on findings from the site 

investigations are presented in Section 5.0. This report also includes 

three appendices. Appendix A contains Versa's well installation 

narratives, well logs, well construction diagrams, and State of Maryland 

well completion reports for each of the wells installed. Appendix B 

contains well survey data. The HRS package, including references, is 

included as Appendix C. 

1.1 History of DisDOSal Activities 

1.1.1 Base Landfill 

The base Landflll occupies an area between the former base golf 

course and State Route 276 (Figure l-2). The site was used as a dump 

sire for sanitary wastes generated from daily operations at NTC 

Bainbridge for a period of approximately 30 years starting in the early 



Figure 1-l: Location Map of Bainbridge Naval Training Center 
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1940’s. Based on a Pest Control Program Review performed by the Navy in 

1968, the Navy determined that a number of pesticides were also disposed 

of at the landfill. The types and amounts of pesticides disposed are as 

f0110ws. 

Aramite 15-W (Miticide) 
BHC 11% E I: 

Block Leaf 40 (Nicotine Sulfate) 
Captan 50 WP 
copper Sulfate 
DDT 25X E.G. 
DDT 20% O.S. 
DDT 5% O.S. 
Frrbam 
Karathane 
Red Squill 
Ryania 

60 lbs 
1=ln gal 

60 gal 
110 lbs 

20 lbs 
350 gal 
350 gal 
100 gal 

20 gal 
80 lbs 
15 lbs 
60 lbs 

Pesticides in dry form were reported to have been buried at a depth 

of 3 fact, while liquids were pnursd into pits excavated to a depth of 

30 inches. Empty containers were punched with holes to prevent re-use 

and then buried along with their former contents. The enact location of 

pesticide disposal at the base landfill is not known, however, it is 

probable that it occurred in the northwestern part of the Iandfill. 

Debris from approximately 40 demolished buildings was also 

reportedly buried at the north-western portion (Figure 1-2) of the 

landfill. The buildings, formerly located to the east and northeast of 

the landfill, were demolished and dumped into the landfill by the 

U.S. Department of Labor (DOL) in the early 1970s when the DOL leased a 

parcel of NTC Bainbridge property adjacent to the landfill area for use 

a5 a Job Corps CenLeL. The condition OL conGeuLs of the buildings prior 

to demolition was not specified. The pesticides may have also been 

buried at or neav rlw norrhwentern portion of the landfill 

1.1.2 Oil Sroarator Pit 

The oil separator pit was constructed in 1944 as part of the NTC 

Bainbridge fire fighter's training school (Figure l-3). The pit was 

cunsrructrd adjacent to and downgradient from a concrrtr pad used for 
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fire fighting training. Concrete and steel structures on the pad were 

sprayed with a mixture of crude oil cut with fuel oil, ignited, and then 

dowsed with water from fire hoses to simulate fire fighting techniques. 

Excess wafer mixed with oil drained off the concrete pad via an la-inch 

diameter underground pipe and into the separator pit. The pit was 

constructed as an w-lined, square depression, 220 feet long on each side 

and 9 feet deep (measured from grade level at the center of the pit). 

Total capacity of the pit at the time of construcciqn was approximately 

2.5 million gallons (12,000 cubic yards). The pit received an unknown 

quantity of oil and water during its use. Separator pits of this type 

are normally used to "separate" the oil and water mixtures so that the 

oil componenr can be collected from the cop and the warer collected or 

discharged from the bottom. Historical records do not indicate the 

collection or disposal methods employed for this separator pit. The 

southern corner of the pit was equipped with a floodgate leading to a 

discharge pipe (Figure 1-3) which may have been used to periodically 

drain fluids from the pit. 

1.2 Environmenral Setting 

1.2.1 Toweraphy and Drainaee 

The NTC Bainbridge is located on a portion of tee Piedmont 

Physiographic Province, a region of low hills and ridges with an overall 

topography that slopes gently to the southeast. The hills and ridges are 

a result of stream erosion and differential resistance to weathering of 

the underlying igneous and metamorphic bedrock (Higgins, 1986). Surface 

elevarions a~ the base range from 400 feer above mean sea level (MSL) in 

the northern corner of the property to approximately 200 feet above MSL 

at the sourhern border. The slope of the NTC Bainbridgc property follows 

the overall gentle topographic slope of the region, to the southeast, and 

is cut abruptly at the NTC southern border by the nearly vertical cliff 

which drops approximately 200 feet to the Town of Port Deposit, on the 

northern shore of the Susquehanna River. 
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The southern portion of the NTC Bainbridge is drained by Happy 

Valley Creek, which flows in a southerly direction and discharges into 

the Susquehanna River. As Figure l-3 indicates, Happy Valley Creek 

passes approximately 400 feet to the south of the oil separator pit, 

Mill Creek, flowing in a southeasterly direction, drains the area 

immediately to the north of NTC property, Several drainage ditches 

intersect the study areas, including an intermittent drain ditch which 

leads from the oil separator pit to Happy Valley Creek and two drainage 

diwhes chat flow around the eastern and western portions of the landfill 

area and eventually join together near the Port Deposit Reservoir water 

tank on Route 276 (Figure 1-Z). 

1.2.2 Climate and Vrzetation 

The climate of Cecil County is classified as humid continental, 

characterized by warm, humid summers and moderately cold winters. 

Average annual temperature ranges between 65°F and 43-F, with an 

average daily maximum of 88'F (July) and an average daily minimum of 

25°F (January). The.average total precipitation is 45 inclias per 

year, with snowfall comprising an average of 21 inches of the total 

precipitation Monthly disrrihutinn of precipitation is fairly uniform. 

August generally has slightly more precipitation (1-2 inches more) than 

other months, however drought conditions can occur in any month 

particularly during the summer months. Thunderstorms occur on an average 

of 30 days per year. Tornadoes are rare, yet tropical storms and 

hurricanes historically occur about once a year between the months of 

August and October. Local flooding can occur during periods of extended 

rain. Prevailing winds are from the northwest, and shift to southerly 

directions during the summer months. Average prevailing wind speed is 

9-10 miles per hour (USDA, 1973). 

Resulting from lack of use over the years, much of the NTC 

Bainbridge property is covered heavily with vegetation. The dominant 

vegetation type is hardwoods, including oak, scrub oak, swamp maple, 

beech, locust, and hickory (USDA, 1973). Virginia pine and white pine 



occur in sane areas as second growth, along with thick underbrush of 

varying types. The heavy vegetation is likely to contribute to 

considerable evapotranspiration, although no exact figures are available. 

1.2.3 Ceolopic Environment 

1.2.3.1 Soils 

Soils on the NTC Bainbridge property may be characterized in two 

general associations: the Glenelg-Manor-Glenville (GMG) Association 

occupying the central and southern portions of the property, and the 

Keyport-Beltsville (KB) Association occupying the northern portions. The 

CMC Association soils, derived from micaceous bedrock, are loamy, 

moderately well drained, and steep to gently sloping soils. The KB 

Association soils are also moderately well drained and level-to-steep. 

but are derived from coastal plain deposits ranging from gravelly, loamy 

sand to clay (USDA, 1973). 

Both the oil separator pit area and the landfill area are situated 

on soils of the GMG Association. The soils at these locations may be 

further subdivided into specific soil series, or types. 

Base Landfill 

The soils at the base landfill are also composed primarily of Made 

Land and Manor Loam series soils. The slope of the landfill soils range> 

from 15 to 25 percent, somewhat steeper than soils at the oil separator 

pit. Downgradient from the landfill, toward the Port Oeposit Reservoir 

water tank (Figure l-2), Manor Loam soils occur at slopes up to 

45 percent. At these locations, the Manor Loam soils grade 

intermittently with soils of the Chester and Glenelg series. The latter 

two series are very similar to Manor Loam soils; all three series, 

derived from schist and gneiss bedrock, are well drained, with a top 

layer of silt loam followed by underlying layers of highly micaceous, 

loam saprolite, varying in thickness "ear the landfill area from 15 to 

25 feet. 

-A- 



Oil SeDarator Pit 

The soils at the oil separator pit location are composed primarily 

of the gently sloping Made Land series (MaB) soils. A portion of the 

soils immrdiatcly west of the oil pit and surrounding Building 53 (red 

barn) are composed of the Manor Loam series (MlB2), a soil with a 3 to 8 

percent slope. The Made Land soil, as the name suggests, is simply fill 

material which has been graded and mixed. It consists of a random mix of 

sand, clay, gravel, and miscellaneous materials arranged in a gentle 

slope as a result of grading. The depth of the Made Land soils varies 

between 2-4 feet. The Manor Loam series is a well drained soil of gentle 

slope formed from weathering of the underlying mica schist and granite 

bedrock. A representative profile of the Manor series consists of a 2-8 

inch surface layer of very dark grayish-brown and brown loam followed by 

an 8 to 19 inch layer of friable, brown loam. The underlying material, 

co a deprh of six LO Lrll Caar or more, is a banded, loamy saprolite 

(weathered bedrock). Soft, weathered schist or hard quartzite fragments 

occur randomly in the soil profile (USDA, 1973) 

1.2.3.2 Stratin-auhv 

Crystalline bedrock occurs below the saprolite layers at NTC 

Bainbridge, as indicated in the geologic map and cross-section in 

Figures 1-4 and l-5. The study areas are underlain predominantly by the 

Port Deposit Gneiss, a gray, quartz-rich granite gneiss of Lower 

Paleozoic age (Higgiua arrd Cunant, 1906). The Port Deposit Gncios occurs 

in both fine-grained and coarse-grained phases. The fine-grained phase 

underlies most of the study area and is composed of fine- to 

medium-grainrd quartz, hornblende, biotite, and plagioclnsr feldspar. 

The coarse-Erained phase, differing only in grain size, meets the 

fine-grained phase in a gradational contact along the western border of 

the Bainbridge NTC property, near Route 276 (Figure l-2). Near the 

southeastern border of the property the fine-grained phase of the Port 

Deposit Gneiss forms a gradational contact with the Happy Valley Branch 

member of the James Run Formation. The Happy Valley Branch member is 
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Figure 1-5: Generalized Crass-Sectional Diagram Showing Type and 
Thickness of Geological Units Underlying NTC Bainbridge 
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also of Lower Paleozoic age and is composed of fine-grained, light gray 

to white metamorphosed felsite. It is similar in appearance and 

composition to the Port Deposit Gneiss and, as such, the exact placement 

of the Happy Valley Branch member's gradational contact with the Port 

Deposit Gneiss is not firmly defined (Higgins, 1986). The strike of both 

the Port Deposit Gneiss and Happy Valley Branch felsite is 

northeast-southwfst, and dip is approximately 72 degrees to the southeast 

(Higgins and Conant, 1986). 

The Port Deposit Gneiss and Happy Valley Branch felsite also contain 

numerous dikes of blackish-green hornblende and veins of opaque, milky 

white quartz (Higgins, 1986). The hornblende dikes range in thickness 

from a few centimeters to ahout 6 meters and have varying orientations. 

Quartz veins also occur as thin as a few centimeters, but several veins 

as much as 30 meters thick have bee" mapped in the Piedmont area 

(Higgins, 1986). Although no hornblende dikes were encounrered during 

drilling operations, a milky white quartz vein was penetrated at 

Well l-GW5 at a depth of 28 f eet and extended through the total well 

depth of 33 feet (see well log in Appendix A). 

BedLock ber~aih NTC Bainbridge, and Lhroughour the Piedmont area in 

general, is heavily jointed and fractured. Joints and fractures, 

resulting from compression and relaxation of rock masses, provides the 

principal means for the occurrence of ground-water in a" otherwise 

impervious medium. Thickness of the joints and fractures will vary. 

Most joints and fractures thin and disappear at depth, however some may 

continue to depths of hundreds or eve" thousands of feet (Nutter and 

Otton, 1969). I" the Port Deposit Gneiss, joints are spaced on an 

average of 10 feet apart and dip on a" average of 73 degrees from the 

horizontal. Several joints on the order of 1 to 2 inches were see" in 

the rock core samples from Wells lGW-2 and ZGW-4 (Appendix A). Faults 

also occur in the Piedmont bedrock and, similar to joints and fractures, 

can provide conduits for ground-water flow. A fault in the vicinity of 

the oil separator pit area (Figure 1-4) has been mapped along the contact 

of the Happy Valley Branch member and the Port Deposit Gneiss. 

-12. 



1.2.3.3 Hvdrogeologv 

Ground-water in the NTC Bainbridge region occurs primarily in the 

joints and fractures of bedrock. Water is also contained within bed 

plane partings, along lines of cleavage and schirtority (banded 

foliations), and to a small degree within the weathered saprolite zone 

(Nutter and Otton, 1969). The saprolite, however, displayed a relatively 

high clay content as a result of weathering of the potassium feldspar in 

the bedrock. Co"seque"tly, the saprolite at the two Study locations was 

dry in most cases and appeared relatively impermeable. The ground-water 

table was encountered at or "ear the bedrock surface in all wells. Water 

levels rose, however, after well installation, indicating that the water 

table zone is not a true water table but rather is semi-confined by the 

low-permeability saprolite layers. Water levels measured on tour 

separate occasions for each of the ten monitoring wells are show" in 

Table l-1. Water table contours are discussed in Section 2.0. 

In addition to the water table zone, a 1 to 2 foot zone of perched 

water was enCountered Just above the saprollte (see well logs in 

Appendix A). The perched zone disappeared after penetrating the 

saprolitc. Since well drilling occurred during January and February, the 

perched zone may have been the result of seasonal conditions of increased 

precipitation and snow melt during the winter months. Regional 

ground-water flow is to the south and southeast, along the dip of bedrock 

and towards the Susquehanna River (Nutter and Otton, 1969). Local 

ground-water occurrence and flow is further discussed in Sections 2.1.1.1 

and 2.2.1.1. 

As mentioned previously, a thrust fault has been mapped (Higgins and 

Conant, 1986) along the contact of the Port Deposit Gneiss and the Happy 

Valley Branch felsite, located downgradient from the oil separator pit 

(Figure l-4). The fault line may be traced by a portion of Happy Valley 

Creek, as streams often run along zones of weakness created by faults. 

This thrust fault zone may have an effect on local ground-water flow 

(i.e., creating a zone of increased permeability or a possible 

recharge/discharge zone). 
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1.3 DemoeraDhics 

1.3.1 Land Use 

The land surrounding NTC Bainbridge is mostly wooded area and rural 

farmland. Farmland is used primarily for dairy and poultry farming. 

Much of the local topography is too steep and rocky for cultivated crop 

production and is best suited as woodland. The forested areas, in 

addition to adding aesthetic value, provide protection for the watershed 

(USDA, 1973). 

The nearest population center is the Town of Port Deposit (pop. 667) 

along the north bank of the Susquehanna River and to the southwest ot 

Bainbridge NTC (Figure 1-l). Residents of Port Deposit are primarily 

rerirees or are employed do lucal industries such as a dock facility 

along the river and two Army installations in neighboring Hanover 

County. A small residential area of fewer than 100 homes ir; located jut 

beyond the northeastern border of NTC Bainbridge. The next closest 

population center is the Town of Perryville, approximately 6 miles to the 

southeast. Within the property limits of the NTC Bainbridge, a 

Department of Labor-sponsored Job Corps Center for disadvantaged youth is 

located in several buildings on the southwestern end of the property. 

The Job Corps Center houses approximately 300 students and approximately 

200 staff members. 

1.3.2 Water Suuuly 

The local residents of Port Deposit and vicinity obtain their entire 

domestic water supply from the Port Deposit Reservoir water tank located 

on State Koute 276. Water is obtained directly from the Susquehanna 

River and is processed at a water treatment facility at the northern end 

of Port Deposit before it is pumped to the holding tank. The Job Corps 

Center and staff personnel also obtain their water from this supply. 

Other residents to the northeast of the NTC Bainbridge property obtain 

their water supply from private wells. 
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2.0 PAST DISPOSAL SITE INVESTIGATION 

This study involved the installation of ground-water monitoring 

wells, followed by three successive rounds of ground-water, surface 

water, and stream sediment sampling at two locations on the NTC 

Bainbridge property. As discussed in Section 1.1, these two locations, 

the base lnndfill and the oil separator pit at the firefighters training 

area, were identified by NAVFACENGCOM-Atlantic Division as areas on the 

base where subsurface and/or surface contamination may have resulted from 

facility operations or disposal practices. To evaluate any 

contamination, five ground-water monitoring wells were to be installed at 

each of these two locations to monitor ground-water quality. 

Ground-water, surface water, and Stream sampling and analyses were 

proposed to assess and characterize any contaminant releases. Analytical 

parameters were determined by NAVFACENGCOM-Atlantic Division and are 

described in detail in the QA/QC plan for Lhis investigation (Versar 

1988a). 

2.1 Base Landfill 

The purpose of this investigation is to identify and characterize 

contamination of various environmental media resulting from past disposal 

practices at the base landfill. Records indicate that the landfill was 

used from the early 1940's until the mid-1970's for disposal of base 

municipal refuse, concentrated pesticides, and building debris possi6ly 

concalnlng friable asbrs~us (see Srctiun 1.1). The location of the 

landfill is shown in Figure 1-2. The site characterization performed by 

Vcrsnr involved the installation of several ground-water monitoring 

wells, and the collection and analyses of ground-water, surface water, 

and sediment samples. 

2.1.1 Monitorine Well Installation 

Five ground-water monitoring wells were installed on the NTC 

Bainbridge property surrounding the landfill as part of the site 

characcerlzacion during February 1988. The locations of the wells arc 



indicated on Figure 2-1. The locations of the 5 monitoring wells at the 

base landfill were initially predetermined by NAVFACENGCOM-Atlantic 

Division with the final locations set following a reconnaissance survey 

of the site by Versar. Well lGW-1 is hydraulically upgradient of the 

landfill and serves as the background monitoring well. The remaining 

four wells are downgradient of the landfill. Initially, the well sites 

were cleared with a bulldozer, since access was limited due to overgrown 

vegetation. A metal detector survey was then performed by Versar at each 

well location to insure the absence of any buried metal debris, electric 

lines, or pipelines before drilling commenced. The wells were installed 

at the landfill's perimeter and were nor placed in landfilled md-trridl. 

All wells were drilled with a Mobile 861 drilling rig by a driller 

licensed in the State of Maryland (Hardin/Huber, Ix). The hollow-stem 

auger method was utilized to drill in the unconsolidated sediments and 

saprolitr overlying rhe bedrock. Splir-spoon sauplrb of the overburden 

were collected at 5 foot intervals during augering. The boreholes were 

then advanced into rhc bedrock by using a pneumatic hammer that was 

advanced through the auger string. At Well lGW-2, bedrock samples were 

collected by diamond coring through the auger string after auger 

refusal. All of the wells were completed in the saprolite and upper 

bedrock aquifer by installation of a ten foot length of 4-inch ID 

(internal diameter) Schedule 40 PVC well screen. For each well, sand 

pack was installed around the screen followed by a two-foot bentonite 

seal immediately above the sand pack. The remaining well annulus was 

filled with a 5% bentonite/cement grout to approximately three feet below 

ground surface. A locking protector casing was then installed and 

cemented in place. A 5 foot square concrete apron with four steel guard 

posts were placed ardund each well 1lrd.d for protection. The guard posts 

and protector casings were subsequently painted international orange. A 

dcdicnted Stare of Maryland well tag has been secured onto enrh of the 

monitoring well protector casings. Lastly, a sign containing the phrase, 

"Monitoring well - property of U.S. Navy, Not for Potable Use or 



Figure 2-l: Map of Landfill Area Depicting Locations of 
Monitoring Wells and Surface Water and Stream Sediment Samples 



Disposal" has been emplaced at each monitoring well site. Appendix A 

contains detailed narrative discussions, well construction records and 

diagrams, and a geologic log for each well. 

Tlgr dlilliug rig aud all touls riled rquipurnt were fully bteam 

cleaned prior to the drilling of each well. Decontamination was 

conducted away from drilling locations at a staging and decontamination 

area adjacent to the water treatment building where clean water and 

electric power were available. All visible mud, sediment, and dirt were 

removed from the equipment. 

IhIring all well drilline and installation, Vernar personnel 

conducted air monitoring with a photoionization detector or an organic 

vapor analyzer. No contamination was detected in the breathing zone at 

any location and, as a result, all activities were performed using Level 

D personal protection. Action levels requiring an upgrade to Level C 

protection were never encountered during the investigation. 

2.1.1.1 Local Geoloav and Hvdroaeoloa 

Surface grab and split-spoon samples were collected in the 

Innron<nlirlnred sniln and saprolite during the drillin of each borehole. 

The soils primarily consisted of brown, plastic clays, fine grained 

micaceous sands, and black silt containing various amounts of pebbles, 
cc *$c? 

saprolite fragments, and organic materials. 
J' 3/ 

Well lGW-2 was located on an 

old road as indicated by the presence of asphalt and cinder blocks from 2 

to 4 feet overlying slag and other fill materials. 

Saprolite. a friable, weathered product of the Port Deposit Gneiss, 

was encountered beneath the surficial soils in all wells drilled at the 

landfill. A hydrogeologic cross section along a line A-A' across the 

landfill (Figure Z-2) is shown in Figure 2-3. As shown in the cross 

section, the depth to saprolite from land surface varied from less than 

five feet at most locations to a maximum of approximately 16 feet at 

well lGW-2. The saprolite consists of bedrock that has been weathered in 

place by ground-water, and as a result, displays the texture and 
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laminations characteristic of the parent rock, the Port Deposit Gneiss. 

The saprolite consists of subangular quartz grains with micaceous and 

mafic minerals in a matrix of clays and silts. In most locations the 

saprolite was very dense, well compacted, and very dry. The thickness of 

the saprolite zone varied from 6 feet in well lGW-2 to approximately 

41 feet in well lGW-1. 

Bedrock, consisting of the coarse and fine-grained phases of the 

Port Deposit Gneiss, was encountered beneath the saprolite zone of each 

well location. Depth to bedrock from land surface ranged from 20 feet at 

well 16W-3, to a maximum of 46 feet at background well lGW-1 

(Figure L-3). The gneiss, as described from a diamond core sample taken 

at well IGW-2 and from cutting samples collected from all landfill wells, 

consists of quartz rich, dense, very competent rock of igneous and 

metamorphic origin with gneissic laminations. Distinct fractures, 

displaying heavy darlt brown staining, were observed 1n the bedrock core. 

Geologic logs for all of the wells are included in Appendix A and provide 

detailed lithologic descriptions, formation depths and additional 

information collected during drilling and sampling activities. 

The bedrock beneanh the landfill acrs as the moat slgnlflcant 

aquifer at the site. A prominent fracture system in the upper portion of 

the Port Deposit Gneiss allows for the storage and transport of ground 

water. The saprolite immediately overlying the unweathered bedrock also 

contained water-bearing fractures and likely acts as part of the 

aquifer. This was particularly prominent in well lGW-1 where a water 

seam was encountered approximately 5 feet above the bedrock surface. 

However, the majority of the saprolite zone was dense, compacted, and 

very dry and did not contain or transmit any significant amounts of water 

at any of the well locations. A localized, perched water table was 

encountered in the unconsolidated sediments above the dense saprolite 

zone at well lGW-2. The perched zone is probably the result of 

precipitation that infiltrated and accumulated above the relatively 

impervious saprulitr. 
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The bedrock zone exhibits properties of a confined aquifer, The 

fine-grained low permeability saprolite overlying the bedrock appears to 

act as a confining layer, preventing water from flowing upward from the 

bedrock. For example, when drilling well lGW-4, water was first 

encountered at 35.5 feet below land surface (b.1.s.). However, the water 

column in the well-bore immediately rose to 24 feet b.1.s. (Figure 2-3) 

after penetrating the dense saprolite and drilling into the fractured 

bedrock. Ground-water flqw at the landfill area is predominantly to the 

south. Flow also appears to curve slightly to the southwest, along the 

dip in topography towards State Route 276 as deduced from static water 

rlrv*tiu~~ &it* ~ullactad uvrl tllr cuulbr uf tl*is iuvrsrigaLiurl 

(Figure Z-4). Ground-water elevation contour lines shown in Figures 2-5 

through 2-J further illustrate the southwesterly ground-water flow 

direction. 

2.1.1.2 Sul-vevitnlp and Development 

Subsequent to installation, all wells were surveyed by a licensed 

surveyor in the State of Maryland, Fredrick Ward & Associates. 

Measurements were taken from the well casings, the protector casings, and 

Llre aurfaCr "f t1,c LUIILL-ete apI", at racl, well aud aurvryrd i" LlE 

nearest .Ol foot above the National Geodetic Vertical Datum of 1929. The 

surveyor closed the loop to insure the accuracy of the relative 

elevations. Notches were cut in the casings and markers were placed in 

the concrete pads to act as permanent reference points. The surveyed 

elevations for all wells are provided in Appendix B. 

All ~~11s warp devaloped after rnnsrrlrcrion and after allowing 

sufficient time for the grout to properly set. The wells were purged of 

several times the well volume of water at a rate of 12 to 16 gallons per 

minute using a 4-inch submersible 3/4-horsepower Jacuzzi pump placed at 

the bottom of the well. Ground-water parameters including temperature, 

specific conductivity, and pH were monitored periodically during 

development. Purging continued until these parameters stabilized. Final 

volumes for the stabilized parameters are listed on the well construction 
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records provided in Appendix A. All wells at the landfill produced 

sufficient volumes of clear ground water. The pumps and hoses used for 

development were decontaminated after each well "as developed by pumping 

clean tap water obtained from the water treatment building through the 

pump and hoses and then rinsing the hoses and pump with deionized water. 

3 1.1 3 Problems and Resolutions 

As discussed in Section 2.1.1.1, a perched water table aquifer "as 

encountcrcd at CI drpth of 13.5 feet b.1.s. during the drilling of 

Well lGW-2. HOWeVer. the well was screened in the bedrock aquifer. 

Although the objective of this investigation was to monitor the first 

occurrence of ground-water below ground surface, Versar decided not to 

complete the well in the perched zone because it "as unlikely that the 

zone was capable of yielding sufficient water volumes for year-round 

monitoring. ~150, the four additional wells surrounding the landfill 

were screened in the bedrock aquifer and it "as decided that Well lGW-2 

should also monitor the same aquifer such that chemical results could be 

compared and properly evaluated. 

2.1.2 Ground-Water SamDling 

Ground-water samples were collected from the five monitoring wells 

installed surrounding the base landfill during three separate sampling 

events held in March, May, and July 1988. All samples were analyzed for 

volatile organic compounds and organochlorine pesticides. The three 

sampling rounds were conducted on March 15/16, 1988, May 16/17. 1988, and 

July 25/26, 1988. For each sampling event, depth to water and total 

depth of each well "as initially measured and casing water volumes were 

calculated. Depth to water was also measured on a separate occasion on 

April 21, 1988. Static water elevations for all three sampling rounds 

and the additional April round are shown in Table 1-l and are depicted 

graphically for the five landfill wells in Figure 2-4. 

The 4-inch ID wells were purged using dedicated Teflon bailers with 

dedicarrd 5 foot TeTlurl-coaLed atdilllass steel wire leaders attached to 



each bailer and nylon rope attached to these leaders. New nylon rope was 

used for each well. The nylon rope was never in contact with the well 

water. A minimum of three well volumes was removed from each well prior 

to sampling. After purging, samples were collected using the dedicated 

Teflon bailers. The samples were placed in pre-cleaned glass containers 

(I-Chem), labelled, packaged, placed on ice, and returned to the Versar 

laboratory in Springfield, Virginia according to the protocol described 

in the QA/QC Plan (Versar, 1988a)(see Section 3.0 of this report). In 

situ field measurements were taken for temperature, specific 

conductivity, and pH for each well during each round of sampling, The 

Maryland Department of the tnvironment, Hazardous and Solid Waste 

Management Administration, also collected split ground-water samples for 

volatile organic analysis, and pesticide analyses for the first two 

ground-water sampling events. Sample containers for split samples were 

provided by the Maryland Department of the Environment. 

2.1.3 Surface Water Sampling 

Surface water samples were collected from two locations along 

streams adjacent to the base landfill as shown on Figure 2-l during each 

of the 3 sampling events. The locations were determined by Versar and 

agreed to by NAVFACENGCOM-Atlantic Division prior to the first surface 

water sampling event. Samples were collected in conjunction with the 

ground-water sampling events of March 15/16, 1988, May 16/17, 1988, and 

July 25126. 1988. respectively. The surface water samples were collected 

by submerging sample bottles into the stream. In situ field measurements 

were taken for temperature, specific conductivity, and pH. Samples were 

packaged and shipped to the Versar laboratory according to the protocol 

described in the project QA/QC Plan (Versar, 1988a)(sec Section 3.0 of 

this report). Split samples were collected for analyses by the Maryland 

Department of the Environment, Hazardous and Solid Waste Management 

Administration, who provided their own sample containers. Splits were 

collected by immersing both Versar and Maryland containers into the 

srream simulraneously ar each sampling locarion. 



2.1.4 Stream Sediment Samuling 

For each of the three sampling events, sediment samples were 

collected from the two stream locations adjacent to the base landfill 

immediately following surface water sample collection. Sampling 

locations are shown on Figure 2-1. Samples were collected by using 

dedicated stainless steel scoops. Sediment aliquors, taken from the 

streani bed, were mixed and homogenized in dedicated stainless steel bowls 

and placed in sample jars. Samples were shipped to the Versar laboratory 

according to the protocol outlined in the QA/QC Plan (Versa, 1988a). 

The samples were analyzed for volatile organic compounds and pesticides. 

Split sediment samples were not collected by the Maryland Department of 

the Environment, Hazardous and Solid Waste Management Administration. 

2.2 Oil SeDarator Pit 

The purpose of this investigation "as to identify and characterize 

contamination of various environmental media resulting from past disposal 

practices conducted at the oil separator pit. Records indicate that the 

Navy operated a Fire Fighters' Training area which generated waste fuel 

oils mixed with water at NTC Bainbridge. The oil/water mixture flowed to 

an adjacent unlined pit where separation occurred (see Section 1.1). The 

location of the oil separator pit is shown on Figure 1-3. The scope of 

this investigation involves only the contamination assessment for the 

waste oil pit and "as not intended to include other areas of the Fire 

Fi&Lrrs Tlrlillillg d~e-d wllrra col!LaninaLion problems may exisr. AS "lch 

the investigation at the base landfill, the site characterization at the 

nil separator pit area involved the installation of ground-water 

monitoring wells, and the collection and analyses of ground-water, 

surface water, and sediment samples. 

2.2.1 Monitorinr Well Installation 

Five ground-water monitoring wells were installed on the NTC 

Bainbridge property surrounding the oil separator pit during February 

1988 as the initial task of the site chalactrrizatiun. Ttlr locaLions of 



the wells are shown on Figure 2-8. As with wells installed at the base 

landfill, the locations of the five monitoring wells were modified from 

original locations proposed by NAVFACENGCOM-Atlantic Division, The final 

locations determined by Versa in the field were agreed to by the EIC, 

and included one hydraulically upgradient (background) monitoring well 

(ZGW-1) and four downgradient monitoring wells. Initially, the drill 

sites were cleared with a bulldozer where necessary. A metal detector 

was used at each drill site to insure the absence of any buried metal 

debris, utility lines, or pipelines. No wells were installed within the 

actual oil separator pit. 

The wells were drilled and installed in February, 1988 with a Mobile 

B61 drilling rig gy a driller licensed in the State of Maryland; 

Hardin/Huber, Inc. The hollow-stem auger method was utilized to drill in 

the unconsolidated sediments and saprolite overlying the bedrock, 

Splii-hpourl samples OL the overburden were collected at 5 foot intervals 

during augering for sample description. The boreholes were then advanced 

into the bedrock using a pneumatic hammer advanced through the auger 

string that remained in place to prevent caving of the overburden. A 

diamond core sample was collected from the bedrock in borehole ZGW-4. 

The initial borehole drilled at location 2GW-1 was abandoned and filled 

with grout to ground surface due to broken auger flights which became 

stuck at the bottom of the hole. This borehole is designated as ZGW-1A. 

A total of five wells were installed around the oil separator pit. 

With the exception of ZGW-3, all of the wells were completed in the upper 

bedrock aquifer. Two wells, the upgradient well (ZGW-1) and the furthest 

downgradient well (ZGW-5), were installed with 6-inch PVC conductor 

casing *et into the top of competent bedrock with an open borehole in the 

bedrock serving as the well. Two wells adjacent to the oil separator pit 

(ZGW-2 and ZGW-4) were constructed in a similar manner, but with 6-inch 

stainless steel conductor casing. The tour wells installed with 6-inch 

conductor casings were constructed by setting the conductor approximately 

l-2 feet into the top of competent bedrock. The casing was emplaced into 



A surface water 

and sediment 
sample location 

- 
and 

2SED-3 

I GRAPHIC SCALE (Fl) 

Figure 2-S: Map of Oil Separator Pit Area Depicting Locations of 
Monitoring wells as well as Surface Water and 

Stream Sediment Locatzions 

-32. 



l-foot of bentonite to form a seal at the base of the casing. Hammer 

drilling then proceeded through the conductor casing (and bentonite seal) 

into bedrock. An open borehole into the fractured Port Deposit Gneiss 

served a* the completed well. A bentonite/cement slurry was brought to 

ground surface around the conductor casing, and a locking protective 

casing was installed for all five wells. A 5-foot by 5-foot square 

concrete apron and four steel guard posts were placed around each well 

head for protection. The guard posts and the locking protector casing 

around each well were painted in international orange and a dedicated 

State of Maryland well tag has been secured onto each of the protector 

casings. Lastly, a permanent sign containing the phrase "Monitoring Well 

- Property of U.S. Navy, Not for Potable Use or Disposal" was emplaced at 

each well biLC. App,allJix A contains detailed narrative discussions, well 

construction records, diagram*, and a geologic log for each well. 

The drilling rig and all tools and equipment were tully steam 

cleaned prior to the drilling of each monitoring well. Decontamination 

"rib corbducrrd dt the staging and decontamination area adjacent to the 

water treatment facility where clean water and electric power were 

available. Decontamination as not performprl at any nf rhe well 

location*. All visible mud, sediment, and dirt were removed from the 

equipment. Additionally, all drilling equipment received an isopropanol 

rinse followed by a water rinse during decontamination activities. 

During all drilling and well installation, Verqar p~rsnnn~l 

conducted air monitoring with an organic vapor photoionization detector. 

No significant contamination was detected in the breathing zone at any 

location and as a result, all activities were performed using Level D 

personal protection. Action levels requiring an upgrade to Level C 

protection were never encountered during the investigation at the oil 

separator pit. 

2.2.1.1 Local Geolosv and Hvdroaeoloev 

SIIvfrrre ernh and split-spoon samples were collected in the 

unconsolidated soils and saprolite while drilling each borehole at the 



oil separator pit. The soils consisted of yellowish-brown silts, clays, 

and fine to coarse-grained silty sands with varying amounts of pebbles, 

saprolitr, and organic materials. 

Beneath the surface soils, saprolite was encounrer~d in all wells 

drilled at the oil separator pit with the exception of monitoring well 

2GW-3. A hydrogeologic cross section along a line B-B' across the oil 

separator pit (Figure 2-9) is shown in Figure 2-10. The cross section 

illustrates that the depth to saprolite from ground surface varied from 6 

feet to a maximum of 15 feet at background location 2GW-1. The saprolite 

zone formed from the effects of in situ weathering of the bedrock by 

ground-water, and consequently displays the texture and lamination 

characteristics of the parent rock. The saprolite consists of subangular 

very fine to coarse quartz grains with micaceous and mafic minerals in a 

matrix of clays and silts. At most locations the saprolite was highly 

compacred and dry. The thickness of the saprolite zone varied from 

3 feet in monitoring well 2GW-5, to approximately 16 feet in monitoring 

well 2GW-1. 

At well 2663-3, fluvial river bed deposits, consisting of cobbles and 

pebbles, W~IC c~~uuutarrd dt a depth of 18 feet, beneath n none of silts 

and sands. These deposits were likely emplaced by a stream that cut into 

the existing saprolite. Since the sediments at this location were 

saturated, a stainless steel screen and casing were set to monitor the 

water table, and the well was not advanced to the top of the bedrock or 

into the bedrock aquifer. The total depth of the fluvial sediments at 

this location was not determined however, they existed to a depth of at 

least 30 feet b.1.s. Aerial photographic analysis indicates the presence 

of an ephemeral drainage channel along the southern side of the oil 

separator pit, where 2GW-3 is located. 

Bedrock, consisting of the fine grained phase of the Port Deposit 

Gneiss, was encountered beneath the saprolite zone on all wells except 

2GW-3. Depth to bedrock from land surface ranged from 12.5 feet at the 

furthest downgradient well, 2GW-5, to a maximum of 31 feet at background 



GRAPHIC SCALE (FT) 

Figure 2-9: Location of Cross Section B-B’ Through the 
Oil Separator Pit Area 

-35- 



” 
u. 

- - . . . , . , . m * , - 3  .  7 3, 

HYDROGEOLOGIC CR&; SECTION OF OIL PIT AREA 

silty clay _ saprolite Y 
m bedrock Bi 

m horizontal scale: I’:- 150 

Figure Z-N: "yarogeologlc brass 3eccIo" "I "11 Drpararor r1z nrra 
Depicting Lithology. Slope of Bedrock. and Slope of 

Potentiometric Ground Water Level 

, ,  ,  , , , ”  . ,  



Well 2GW-1. The gneiss, as described from a diamond core sample taken 

while drilling well 2GW-4 and from cutting samples collected at the other 

wells, consists of quartz rich, dense, very competent rock of igneous and 

metamorphic origin with gneissic laminations. Distinct fractures 

displaying brown staining are present in the core. Geologic logs for all 

of the wells are included in Appendix A and provide detailed lithologic 

descriptions, formation depths, and additional information collected 

during drilling and sampling activities. Also included in Appendix A are 

well completion records and diagrams for each of the 5 wells installed at 

the oil separator pit, 

The fractured bedrock beneath the oil separator pit acts as the most 

significant aquifer at the site. A prominent fracture system in the 

upper portion of the Port Deposit Gneiss allows for the storage and 

movement of ground water. All wells at the oil separator pit site were 

completed in bedrock through open holes, with the exception of well XW-3 

which was screened in the overlying fluvial sediments. 

The fine-grained saprolite overlying the bedrock was found to be dry 

and dense at most locations and appears to act as a confining layer. A 

perched water table was encountered on all wells above the saprollte in 

the unconsolidated sediments. The perched zone is probably the result of 

precipitation that infiltrated and accumulated above the relatively 

impervious saprolite. 

Ground-water elevation data was acquired four times during the 

course of this investigation (Figure 2-11). As the water table contours 

in F igurcg 2 12, 2 13, and 2 14 depict, ground water at the oil separator 

pit location follows local topography and flows in a southerly direction 

towards Happy Valley Creek. Due to the scope of this investigation. 

Versa could not determine if ground-water is discharging into the creek 

or if the predominant ground-water flow pathways continue under the creek 

and towards the Susquehanna River. Ground-water elevations were slightly 

lower during the summer sampling event than during winter and spring 

sampling events. 
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Figure Z-12: Contour Map of Ground Water Potentiometric Surface 
(In Feet Above Mean Sea Level) for Oil Separator Pit Area on 

March 14, 1988. 
Contour Lines are Dashed Where Appropriate 
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2.2 1.2 Survevine and Development 

After insu.llarion, all wells were surveyed by a licensed surveyor 

in the State of Maryland, Frederick Ward & Associates. Measurements were 

tnkcn from the well casings, the protector casings, and the surface of 

the concrete apron at each well and surveyed to the nearest 0.01 foot 

above the National Geodetic Vertical Datum of 1929. The surveyor closed 

the loop to insure the accuracy of each of the measured elevations. 

Notches were cut in the casings and markers were placed in the concrete 

pads to act as permanent reference points. The surveyed elevations for 

all monitoring wells installed at the oil separator pit are provided in 

Appendix B 

All wells were developed after construction and after allowing 

sufficient time for the grout to properly set (minimum 48 hours). The 

wells were purged of several times the well volume at a rate of 12 to 16 

gallons per minute using a 4-inch submersible 3/4-horsepower Jacuzzi pump 

placed at the bottom of the well. The wells were periodically surged 

during pumping to remove sediments. Ground water parameters including 

temperature, specific conductivity, and pH were monitored periodically 

during developmrr~~. PuLgillg cuutirrued until these in situ parameters 

stabilized and until water appeared clear and free of suspended 

sediments. All wells at the oil separator pit produced sufficient 

volumes of ground water for monitoring purposes, although several of the 

wells were pumped dry and were allowed to recover for a few minutes 

before pumping proceeded. The pumps and hoses used for development were 

decontaminated after each well was completely developed, by pumping clean 

tap water and rinsing the hoses with deionized water. Final development 

(in situ) parameters are included on each of the well construction 

records provided in Appendix A. 

2.2.1.3 Problems and Resolutions 

As discussed in Section 2.2.1.1, a perched water table aquifer was 

encountered above the saprolite zone while drilling some of the wells at 

the oil separator pit. However, the wells were not screened in the 



perched zone, but rather in the bedrock aquifer below saprolite or, in 

the case of well 2GW-3, in the fluvial sediments at that location. 

Although the objective of the investigation was to monitor the first 

occurrence of ground water, Versar decided not to complete the wells in 

the perched zone because it was unlikely that the zone was capable of 

yielding sufficient volumes of water on an annual basis. During periods 

of low recharge, likely during the summer months, the perched water table 

probably becomes dry and would not yield water if screened. The bedrock 

aquifer is considered to be the uppermost aquifer of signlflcance. Due 

to the presence of extensive fractures at the top of the Port Deposit 

Grwiss, it i. likely that the bedrock aquifer is contiguous with the 

ground-water encountered in fluvial sediments at 2GW-3. 

Stainless steel (type 304) was chosen as the cons~ruc~lon maKeria1 

for wells ZGW-2, 2GW-3, and 2GW-4 because of their proximity to the oil 

ssparator pit and the possibility of higher conccntrntions of oil 

products in the ground water. Stainless steel is considered to be the 

best well construction material in this type of environment and will not 

degrade or absorb contaminants in the presence of volatile organic 

compounds. Metal concentrations in the surrounding ground water may 

potentially be affected by the casing at low ground water pH, however, 

with the exception of lead, metals do not present an environmental 

concern at this location. In addition, ground-water pH at these 

locations was not acidic; approximately pH - 6. Alternatively, 

Schedule 40 PVC conductor casing was installed on wells 2GW-1, upgradient 

of the oil pit, and 2GW-5, the furthest downgradient well because of the 

expected lowel- oil concentrations ar. Lhese locations. 

During drilling activities at Well 2GW-3, indications of organic 

contamination were identified. Readings taken in the open borehole with 

a HNu photoionization detector were as high as 5 parts per million. 

Also, a slight petroleum odor was deEecKed in rhe split-spoon samplrb albd 

the borehole. Monitoring of the breathing zone did not, however, reveal 

levels high enough to require Level C personal protection. 



2.2.2 Ground-Water Samuling 

Ground-water samples were collected from the five monitoring wells 

installed surrounding the oil separator pit. Three separate sampling 

events were conducred and samples weir analyzed for volatile organic 

compounds (VOCs), PCB's, oil and grease, and lead. After the wells were 

complctcd and developed, sampling rounds were conducted on March 15/16. 

1988, May 16117. 1988, and July 25/26, 1988. Depth to water and total 

depth of each well was initially measured and well casing water volumes 

were calculated. Depth to water was also measured on a separate occasion 

on April 21, 1988. Static water elevations for all three sampling rounds 

and the additional April round are shown in Table l-1 and are depicted 

graphically for the five oil separator pit wells in Figure 2-11. 

The 6-inch diameter bedrock wells were purged using a 

stainless-steel Jacuzzi submersible pump attached to polyethylene 

drinking-watei grade tubing. The pump was decontaminated between wells 

by pumping tap water and rinsing the purge hose with deionized water. 

The L-inch screened well (2GW-3) was purged with a dedicated Teflon 

bailer. A minimum of three well volumes were removed from each well 

prior to sampling. After purging, samples were collected using dedlcared 

Teflon bailers connected to 3 feet of dedicated teflon-coated stainless 

steel cable which was subsequently affixed to new nylon rope. The nylon 

rope was never in contact with well water, and new rope was used for each 

well. The samples were plnrrd in the appropriate containers. labelled, 

packaged, placed on ice, and returned to the Versar laboratory in 

Springfield, Virginia as specified in the QA/QC Plan (Versar, 1988a) (see 

section 3.0 of this report). Lead samples were preserved with 

concentrated nitric acid to ph <2 in the field. In situ field 

measurements were taken for temperature, specific conductivity, and pH 

during each sampling event. The Maryland Department of the Environment, 

Hazardous and Solid Waste Management Administration, collected split 

ground-water samples for volatile organic analysis and PCB analyses 

during the first two sampling events. Split sample corlLai:wrs were 

provided by the Maryland Department of the Environment. 



2.2.3 Surface Water SamulinP 

Surface water samples were collected from two locations along Happy 

Valley Creek adjacent to the oil separator pit and a third from a 

tributary leading from rzhe oil separator pit co Happy Valley Creek 

(Figure 2-8) during each of the three rounds of sampling. The surface 

water samples wcrc collected by submerging sample bottles into the stream 

at the predetermined sample locations. In situ field measurements were 

taken for temperature. specific conductivity, and PH. Samples were 

preserved, labelled, packaged and transported to the Versar laboratory 

according to the protocol described in the project QA/QC Plan (Versa, 

1988a). Split surface water samples for VOCs and PCBs were collected for 

analyses by the Maryland Department of the Environment during the first 

and second sampling events. Versa and Maryland samples were collected 

by immersing the two sample containers into the stream simultaneously. 

2.2.4 Stream Sediment Samuliw 

Sediment samples were collected from the two stream locations along 

Happy Valley Creek (PSED-1 and ZSED-3) as well as a third sample from the 

tributary leading from the oil separator pit to Happy Valley Creek. 

There sediment samples were obtained concurrent with surface water sample 

collection at identical stream locations. Sediment samples were 

collected immediately after each surface water sample to avoid water 

clouding as a result of disturbed sediment. Sampling locations are shown 

on Figure 2-8. Samples were collected during each ot the three sampling 

events which occurred on March 15/16, 1988, May 16/17, 1988, and 

July 25,'26, 1988 respectively. Samples were collected by using dedicated 

stainless steel scoops. Sediment aliquots, taken from the stream bottom, 

were mixed and homogenized in dedicated <tninlens steel bowls and placed 

in sample jars. Samples were shipped to the Versar laboratory according 

to the protocol outlined in the QA/QC Plan (Versa-, 1988a). Analyses 

were performed on the sediment samples for volatile organic compounds, 

PCB's, oil and grease, and lead. Split sediment samples were not 

collected by the Maryland Department of the Environment, Hazardous and 

Solid Waste Management Administration. 
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3.0 ANAL'iTICAL RESULTS 

The environmenu samples collected from zhe past disposal areas at 

NTC Bainbridge were analyzed to assess the existence of contamination at 

thr base landfill ;md the oil separator pit, and to collect the 

information required to apply EPA's Hazard Ranking System (HRS) model to 

this site. Versar collected and analyzed ground-water, surface water, 

and sediment samples from each location during three separate sampling 

events, which occurred approximately 60 days apart. The analytical data 

from these sampling events was evaluated for precision and accuracy. The 

data meeting the project QA/QC requirements were used to ***es* the 

extent of contamination at NTC Bainbridge. A summary of the analytical 

methods, including sample preparation and calibration procedures, is 

presented in Section 3.1. The analytical results are discussed in 

Section* 3.2 and 3.3, and the QA/QC evaluation of these results is 

presenird ill SrcLiulr 3.4. 

3.1 Annlvtical Method* 

Before these samples could be analyzed, most of them had to be 

prepared using some type of digestion or extraction procedure. Then, the 

analytical instruments had to be calibrated by analyzing chemical 

calibration standards to establish that the instrument was functioning 

properly with the desired sensitivity. 

After the analytical instruments were calibrated, the samples of 

ground water, surface water, and sediment for the base landfill were 

analyzed for volatile organic compounds (VOCs) and organochlorinated 

pesticides. The ground-water, surface water, and sedlmrnt samples from 

the oil separator pit were analyzed for lead, oil and grease, VOCs, and 

PCBs. The sample preparation, calibration, and analysis procedures for 

each analytical method are briefly described in Sections 3.1.1 through 

3.1.5 (fox a more detailed diqcusnion of the sample preparation, 

calibration, and analysis procedures, see Sections 7.0 and 8.0 of the 
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Quality Assurance/Quality Control Plan for the Site Investigation at the 

Former Naval Training Center, Bainbridge, Maryland [Versa-, 19881). 

3.1.1 Field Analvses 

Duing each of the 3 sampling events, the Versar field team members 

made in situ measurements of temperature, pH, and specific conductance of 

the ground-water and surface water samples in the field. [These 

measurements were inadvertently not made for surface water samples 

Lullrctrd dul-ing the second sampling event.] To drrrrmiw lrliablr 

temperature readings, the thermometers are calibrated on a monthly basis 

against a Notional Bureau of Standards certified thermometer. Prior to 

measuring the temperature, the thermometer was checked for separations in 

the mercu~v and was rinsed with deionized water. If no separations were 

found, the temperature was measured by immersing the thermometer in the 

sample to the manufacturer's indicated immersion level, allowing the 

temperature to stabilize, and reading the temperature to the nearest 

O.l"C. The measured temperature was recorded on the temperature/pH 

data sheet and in the sampling log book. Finally, the thermometer was 

rinsed with deionized water after each measurement to prevent 

cross-contamination ot samples. 

The pH meter was calibrated daily prior to any field measurements 

using pH 4.0, 7.0, and 10.0 buffer solutions with temperature 

compensation. To determine the pH, the sample was collected and poured 

into an lntermedlate sample container, and the temperature ot the sample 

was measured and recorded. Then, the temperature compensation dial of 

the pll meter ~a.5 set to the measured temperafurr, and the sample pfl was 

determined by immersing the electrode in the sample and stirring gently 

for a few seconds After determining the pH, the meter was I-ecbecked by 

measuring the pH of a buffer solution, and the sample pH was recorded in 

the sampling log book. To prevent sample cross-contamination, the probe 

was rinsed with deionized water before and after each measurement. 
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Similarly, the conductivity meter was calibrated daily using a 

potassium chloride standard prior to any field measurement. After the 

meter was calibrated, the cell constant was determined to evaluate the 

performance of the instrument probe. The cell constant was determined by 

measuring the temperature and conductance of a O.OlN KC1 standard 

solution, then dividing the measured conductance by the actual 

conductance at the measured temperature. To determine the specific 

conductance, the sample was placed in the intermediate sample container, 

and the temperature of the sample was measured and recorded. Then, the 

probe was immersed in the sample and moved up and down to ensure proper 

circulation through the probe. Nesr , the probe was held swady, awdy 

from the sides and bottom of the container, and the specific conductance 

was l-cad. Finally, the obtained value was corrected by using the 

temperature compensation factor. The temperature of the sample, the 

specific conductance. and the cell constant were recorded on the specific 

conductance data sheet and in the sampling log book. To prevent sample 

cross-contamination, the probe was rinsed with deionized water before and 

after each measurement. 

3.1.2 Load Analysis 

The ground-water, surface water, and sediment samples from the oil 

separator pit were analyzed for lead using the graphite furnace technique 

Method 239.2 CLP-M (U.S. EPA, 1983). The graphite furnace technique uses 

an atomic absorption (AA) spectrophotometer to determine the 

concentration of lead in the sample. 

Prior to analysis, the water and sedimenr samplec. WPYP prepared 

according ro the Contract Laboratory Program (CLP) procedures for furnace 

AA water and soil samples, respectively. For the water samples, a 

portion of the sample was transferred to a beaker, and this portion was 

digested on a hot plate with nitric acid and hydrogen peroxide. Then, 

the sample was cooled and filtered to remove insoluble matter. Finally, 

the sample volume was adjusted using distilled/deionized water, and 

lanthanum nitrate (i.e., inhibit interferences) solution was added to 

each sample. 
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For the sediment, the sample was thoroughly mixed to achieve 

homogeneity, and a portion of the sample was weighed, slurried in a 

beaker with nitric acid, and reflused. After the sample cooled, 

additional nitric acid was added, and the sample was again refluxed. 

After the sample had cooled from the second reflux. ASTM Type II water 

and hydrogen peroxide were added to the sample, and it was heated until 

the etfrrvrrcencr from the peroxide reaction subsided. This cycle was 

reprated a often as required using additional aliquots of hydrogen 

perosldr until the effervescence was minimal, or unLi1 Lllr &VLXL*~ bample 

appearance remained unchanged. Nest, the sample volume was reduced; ASTM 

Typr II wrjt~r was added, and the sample was heated again. Finally, the 

sample ~‘1s filtered and diluted, and lanthanum nitrate solution was added 

Atter the samples were prepared, rhe atomic absolpriurl 

spectrophotometer was calibrated according to manufacturer's 

specifications by analyzing a blank and three standards that bracketed 

the anticipated sample concentrations. An internal calibration curve was 

pl-epnrrd and was verified using an instrument check standard and a 

calibration blank after each 10 samples. 

After o valid calibration was obtained, a representative aliqllor of 

a digested sample was placed in a graphite tube within the furnace, 

evaporated to dryness. charred. and atomized. Concurrently, energy was 

directed through the graphite tube containing excited energy level atoms 

of the v.aporized lend. The intensity of this transmitted energy was used 

to determine the absorbence (A=Z-log %T), which is directly proportional 

to the concentration of the lead atoms contained in the vapor. The 

dbsorbeucr was measured, and the lead concentration was determined by 

direct compdrison to the standards (i.e.. , the calibration curve), 

3.1.3 Oil and Grease Analysis 

The samples of ground water, surface water, and sediment from the 

oil separator pit were analyzed for oil and grease. The water samples 

were analyzed using EPA Method 413.2 (EPA, 1983), which is an infrared 
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sprctrophotomrtric method. The sediment samples were analyzed using the 

oil and grease extraction method for 9071 sludge samples (EPA, 1986), 

which is n gravimetric technique. 

The ground-water and surface wafer samples were prepared by 

acidifying the samples with hydrochloric acid and pouring them into 

separator\’ funnels. Each sample was then extracted three times with 

trichlorotrifluoroethane (fluorocarbon-113) by vigorously shaking the 

funnel , allowing the layers to separate, filtering the solvent layer into 

a volumetric flask, and diluting the sample with fluorocarbon-113. 

FOI- the sediment, the samples were first acidified using 

hydrochlol-ic acid. Then., magnesium sulfate was added to the sediment to 

form a thick paste, which was spread on the inside of a beaker to 

facilitatr evaporation. Once the paste had solidified, it was removed 

tram the beaker and ground to a fine powder using a mortar and pestle. 

Nest, the powder was added to a paper extraction thimble and was 

extracted in a Sorhlet apparatus using fluorocarbon-113. Finally, the 

extract was filtered through grease-free cotton into a preweighed boiling 

flask. 

Prior- to analysis of the water samples, the infrared 

spectrophotonwtcr was calibrated by analyzing five standards that 

bracketed the expected sample concentrations. To prepare rhe calibration 

standards, a reference oil was prepared using n-hexadecanr, isooctane, 

and CIIl”LUI,1IILCLltl. Tlren, rht reference oil was weighed and diluted with 

fluorocarbon-113 to form a stock solution. Next, appropriate aliquots of 

the stock solution were diluted with fluorocarbon-113 to form the 

calibration standards, which were analyzed. Finally, a calibration curve 

was constructed by plotting the absorbence of the standards versus their 

respective concentrations. 

After the calihrntion was completed, the water extract was placed in 

the cell of the infrared spectrophotometer, and the absorbence was 
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measured. The absorbence of the sample was then compared to the 

nhsorbencr frow the calibration standards to determine the concentration 

of oil and grease in the sample. 

For the scdimcnt samples, no calibration procedures were required 

After the srdimrnt was extracted, the extract was placed in a tared 

250.1111 boiling flask. and the solvent was evaporated. The flask was then 

cooled ill a desiccator and weighed. The oil and grease concentration was 

deteuninrd by dividing the weight gain of the flask by the dry weight of 

the sample extracted. 

3.1 

All of the ground water, surface water, and sediment samples from 

both the base landfill and the oil separator pit were al1.ilv7ed for 

volatile orgaic compounds. These samples were analyzed by the CLP-VOA 

method (EPA. 1987b) using purge and trap gas chromatograph/mass 

spectrometry (CC/MS). 

The ground-water and surface water sample- from both locations did 

not require any special sample preparation prior to anal\rsis. HOWeVer, 

the sediment samples had to be prepared according to the CLP-VOA 

procedures. Two different preparation procedures were used. one for low 

level sediment and one for medium level sediment. The sample was assumed 

to be low level, and if the peaks were saturated from the analysis of 

this sample, the sample was re-extracted and analyzed as a medium level 

sediment. 

For the low level sediment sample preparation, a small sample 

nliquot WAS weighed and placed into a tared purge device. A separate 

sample aliquot was then weighed into a tared crucible and dried to 

determine percent solids. The", reagent water containing both the 

surrogate spiking solution and internal standard solution was added to 

the purge device. YInally, the purge device was connecrrd to the purge 

and trap system, and the sample was purged. 



For the medium level sediment sample preparation, a sample aliquot 

was weighed and placed into a tared vial. Again, a separate sample 

aliquot was weighed into a tared crucible and dried to determine percent 

solids. Then, methanol and surrogate spiking solution were added to the 

vial, and the vial was capped and shaken. Next, a portion of the 

methanol extract was transferred into a GC vial for storage. Prior to 

analysis, the appropriate volume of methanol extract was added to a 

syringe containing reagent water and internal standards. The sample was 

then annlvzrd according to the procedures for water samples 

Prior to analyzing the first batch of samples, the GC/MS system was 

tuned using p-bromofluorobenzene (BFB). After the tuning criteria were 

mr t , the K/MS system was calibrated at a minimum of five concentrations 

ro drtermine the linearity of the response. The calibration standards 

were spiked with the three internal standards (i.e., bromochloromethane, 

1.4-difluolobrnzrrlr, acid cl~lorubr~urrrr-dg) and contained all the target 

analytrs and surrogate compounds. These calibration standards were 

analyzed to determine the area response of the characteristic ion< and 

the relative response factors for each compound at each concentration 

level. 

Before the calibration curve could be used, the responses of the 

tive system performance check compounds (i.e , chloromrthnne. 

l,lJdichloroethane, bromoform, 1,1,2,2-tetrachloroethanr, and 

chlorobenzene) were evaluated to determine the minimum average response 

factor. Finally. the responses from the six calibration check compounds 

(l,l-dichloroethene, chloroform, 1,2-dichloropropane, tolurne. 

ethylbenz?ne, and vinyl chloride) were evaluated to drtrrmine the 

relative standard deviations of their relative response factors over the 

working rnnga of the curve. Continuing calibration was performed every 

12 hours by reanalyzing a calibration standard, a system performance 

check, a calibration check, and evaluating the relative response factors. 

After sample preparation, tuning, and calibration, the samples were 

analyzed. The samples were allowed to warm to room temperature, and then 
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were placed into a syringe (except for the low level sediment samples). 

Then, surrogates and internal standards were added to the syringe. Nest, 

the syringe was connected to the purging device, and the sample was 

injected. The sample was purged at ambient temperature and was swept 

through a sorbent column where the compounds were trapped. Then, the 

sorbent column was heated, and the sample was desorbed onto the gas 

chromatographic column. The gas chromatograph was temperature-programmed 

to separate the purgeablr compounds, which were detected with a mass 

spectronwrrr. Then, the compounds were tentatively identified by 

comparison of the sample mass spectrum to the mass spectrum of a 

standard Finally, the identified compounds were quantified by the 

internal standard method using: the volume of sample that was injected; 

the concrncratLon of chr Internal scanciarci; rhr rrlacivr 1-rsponse faccor 

of the compound, which was determined during calibration: and the 

extracted ion current profile areas of the characteristic ions for the 

compound co be measured and for the specific internal standard. 

3.1 5 Pesticide and PCB Analysrs 

Samples of ground water, surface water, and sediment from the base 

landfill wre analyzed for organochlorine pesticides, and samples of 

ground water, surface water, and sediment from the oil separator pit were 

al~lyzrd iol Pulychloriru~ed BipllcrLyls (PCBb). Ttlrbr bii,,,ple, we=~e 

analyz;d using a gas chromatograph with an electron capture detector. 

The analytical method for PCBn wan the same a~ that used for pesticides 

(i.e., CLP-PEST, EPA, 198713). Therefore, the preparation procedures for 

these samples did not depend on the analytical parameter, but rather on 

the .samplr matrix. 

The surface and ground-water samples from the past disposal area* 

werr prepared using a continuous liquid-liquid extractor. A sample 

aliquot was measured and placed into the continuous extractor. Then, 

surrogate spiking solution was added to the extractor, and the sample was 

mixed. The pH was then checked and adjusted to between 5 and 9. 
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Finally, methylene chloride and sufficient reagent water were added to 

the distilling flask, and the sample was extracted for 18 hours. 

After tile sample had been extracted, the sample extract was poured 

through d drying column containing anhydrous grnuulnr sodium sulfate and 

wds collected in a Kuderna-Danish (K-D) concentrator. Then, the K-D 

concentrator was connected to a three-ball Snyder column and was placed 

in a hot wster bath to concentrate the sample. Nest, additional solvent 

(e.g., hesane) was added, and the sample was concentrated as before. If 

sulfur crystals were present at this time, an optional sulfur cleanup was 

perforwd. If matrix interferences were noted in previous analyses of 

NTC Bainbl-idge samples. the PCB samples were subjected to an acid cleanup 

to rcmovc these interferences. 

Aft?r the appropriate cleanup procedure, or if additional cleanup 

was unnecessary, the sample volume was concentrated further by placing 

the concentrator tube in a warm water bath and evaporating using a gentle 

stream of clean, dry nitrogen. The sample volume was diluted with 

acetone and transferred to the top of an alumina column and eluted with 

hesane. Finally, the elute was collected in a clean concentrator tube, 

dlxti tllc fitId vvlurur wdb adjusted usilkg Irrxulne. Tlrr r.\~,aci was 

subsequently analyzed or stored in the dark at 4°C (2 2°C) until 

analysis 

The sediment samples were prepared using the CLP-PEST preparation 

procedure fur sedimrllts *iid built (EPA, 1987b). Plier tu p"pdLdLiull, 

the samples were screened to determine whether the low level or medium 

lrvrl priparnrinn prorrdtrrrr: were necessary Fnr the lnw level sediment 

samples, nn nliquor of the sample was weighed and placed into a beaker. 

Anhydrous powdered sodium sulfate was mixed into the sample, and 

1:l methylenr chloride-acetone was added to the sample. Then, surrogate 

spiking solution was added to all samples. After adding the surrogates, 

the sample was sonicated using an ultrasonic probe. The extract was then 

decanted and filtered using ~acwm filtration, and the sonification was 
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repeated two more times with two additional portions of 1:l methylene 

chloride-acetone. 

After the final sonification, the extract was transferred to a K-D 

apparatus. whirl, was attached to a three-hall Snyder rolumn Then, thr 

K-D apparatus was placed in a hot water bath, and the sample was 

concrntratcd. Then, gel permeation chromatography (GPC) cleanup was 

p”forme=d. if required. 

AfLer GPC cleanup. or if GPC cleanup was omitted, an aliquot of the 

extract ~‘35 transferred to R concentrator tube and diluted with hexanr. 

Then, a two-ball micro-Snyder column was attached to the K-D apparatus, 

which us placed in a hot water bath. The extract was concentrated, and 

then, nirrocen blowdown was used to reduce the volume further. Next, the 

extract was diluted using acetone and cleaned up using an alumina 

colLunn. If matrix interferences were noted in previous analyses, the PCB 

samples were subjected to an acid cleanup to remove these interferences. 

If the lmrdium level preparation procedure was used, an aliquot of 

the sample was weighed and placed in a vial, and anhydrous powdered 

sodium sulfate was mixed into the sample. Then, surrogate spiking 

solution and hesane were added to the sample, and the sample was 

sonicated using an ultrasonic probe. Nest, the sample rxtract was 

filrerrd rhl-ough glass wool, and the hexane extract was transferred to a 

glass concentrator tube and concentrated using the nitrogen blowdown 

technique. Finally, acetone was added to the hexane extract, and the 

extract was mixed. These extracts were then subjected to the GPC, 

alumina, and acid cleanup procedures as described for the low level 

sediments. 

Prior ro analyzing the samples, the gas chromatograph was tuned to 

produce the required retention time windows. The tuning was accomplished 

by analyzing three separate injections of all single pesticide mixtures 

(e.g. > mixtures containing endrin, aldrin, heptachlor, etc.), 

multi-response pesticides (e.g., tosaphene), and PCBs (e.g., Aroclor 

1242) evenly spaced throughout the course of a 72-hour period. The 



chromatograms from these analyses were used to determine the standard 

deviation of the three absolute retention times for each compound. The 

standard deviations of the retention times for each compound were then 

used to establish the retention time windows for all subsequent 72.hour 

sequences. until a new column was installed and retuned. 

Once the gas chromatograph has been tuned, the GC column was 

evaluated fol- linearity and degradation using three evaluation standard 

mixtures. These evaluation standard mixtures were prepared using aldrin, 

endrin. 4,4'-DDT. and dibutylchlorendate. The evaluation standards were 

analyzed at the beginning of the 72-hour analytical sequence, and the 

calibration factor for each compound in each evaluation standard was 

calculated. Then, the percent relative standard deviation (Z RSD) of the 

cdlibldLioll CdcLors COL rach CWU~VUKI aL Lhr illrrr cocxrllLlaLiurl levels 

was calculated to establish linearity, and the chromatograms were 

examined to determine whether degradation had occurred. 

After meeting the linearity and degradation requirements with the 

rv*lu~lio~~ k,td~~dd~d mixtuirs, d sicylr point cdlibrdtiucl wl*b pcrfuLmad 

using individual standard mixtures containing the single component 

pesticides and separate solutions of all multi-response pesticides and 

PCBs. From the analyses of these standards, the calibration factors and 

retention time windows were calculated for each compound. The retention 

time windows were calculated from the absoltite retention time for each 

compound in the initial standard and the standard deviation of the 

retention time, which was determined during tuning. 

Througllout the 72.hour analytical sequence, evaluation standards and 

individual standards were analyzed for continuing calibration. Either 

the evaluation standard or one of the individual standards were analyzed 

after each set of five samples on an alternating basis. For each 

evaluation standard, the degradation criterion for endrin and/or 4,4'-DDT 

was evaluated, and for each individual standard, the calibration factor 

and retention time criteria were evaluated to ensure that the current 

callbratlon "as St111 valid. 
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The samples were analyzed by injecting an aliquot of the sample or 

standard according to the specified 72-hour sequence. Then, the 

chromatograms were evaluated to tentatively identify unknown compounds by 

romparin~ rhr retention time of the unknown to the retention time of the 

corresponding standard. After primary analysis was completed, a 

confirmation analysis was performed by analyzing the samples and required 

standards wing a modified 72.hour sequence and a different column. 

Finally, thr concentrations of the confirmed compounds were calculated by 

comparing the responses of the samples to the external standards. 

3.2 Base Landfill Results 

Samples of ground water, surface water, and Stream sediment were 

collected from the base landfill during three different sampling events 

in March M,jy. and July, 1988. These samples were anelvzrd for volatile 

organic compounds (VOCs) and organochlorine pesticides. Additionally, 

the temperature, pH, and conductivity of the water samples were 

determined in the field during each sampling event. Sections 3.2.1 

through 3 2.3 present the analytical results for each parameter 

summ.irizrd by sample matl-ix and a narrative evaluation of these results. 

3.2.1 Cl-ound Water 

The ground-water samples were collected from five different 

monitoring wells installed at the base landfill. These monitoring wells 

were designated at lGW-1 (upgradient well) and lCW-2 through lGW-5 

(downgradient wells) (see Figure 2-l). As stated previously, Versar 

collected ground-water samples from each well during three separate 

sampling events in March, May. and July, 1988. The samples collected in 

March and May were split with the State of Maryland's Department of the 

Environment, Hazardous and Solid Waste Management Administration (State 

of Maryland). During each sampling event, the temperature. pH, and 

speciiic cor~Iuciaucr wrlr drLrrmilwd irl Llrr field prior Lv Lullrctillg tlrr 

samples for laboratory analysis of volatile organics and pesticides. The 

results of both the field and laboratory analyses are presented in 

Table 3-1. 
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TABLE 3-l. CROUNDYATBR SWPLE TESTING DATA - LANDFILL AREA 

___--____________-__---------------------------------------------------------------------------- 

PPrnmsrer unit* 
SW:“* 

Data IGU-l 1CY-Z 1GU-3 1GU-4 1‘U-3 
________________________________________------------------------------------------------ __._____ 

1 “ERSAR lb-“.r-** 5.83 6.94 6.40 6.12 6.21 
2 VERSAR 17-nay-** 5.43 6.91 6.12 5.87 6.01 
3 YEMAR 26-Jul.88 5.68 6.90 6.19 5.70 6.12 

“&LO* 1 VERSAR lb-“*=-88 225 578 1,269 556 687 
2 VERSAR 17-nrl~-S* 246 447 1.337 602 721 
3 “ERSAR Zb-J”148 251 6.55 1.267 582 776 

dag c 1 VERSAR lb-tl.r-8B 9.9 
2 VERSAR Ii-my-** 15.2 
3 VERSAR 26-JuI-88 16.3 

WI 

Chlot0fe-m 

L 
1 “ERSAR 
1 MARYLAND 
2 VERSA* 
2 “AURYLAND 
3 VERSAR 

lb-“ax-88 
lb-“a--88 
17-“q48 
17-nay-** 
26-.7”l-88 

<5 
Cl 
4 
‘1 

2s 

1 VERSAR 16-Mar-88 Cl0 
1 MARYLAWD I6-Mar-** ND 
2 WRSAR ll-my-88 ‘10 
2 MARYLAND 17-thy-88 ND 
3 V’ERSAR 26-JuL-88 8 

I “II**** 16.M.r-09 
1 “ARYLAND lb-Mar-88 
2 VERSAR 17-nag-88 
2 MARYLAND 17-May-88 
3 VERSAR 26-Ju1-88 

1 VERSA* 16-“m-88 
1 “ABYLAND ,6-M.r-88 
2 VERSAR ll-nry-88 
2 MAP.YLAND ll-my-** 
3 “ERSAR 26-Jul-88 

1 “EPSAR lb-Mar-88 
1 lfARVLA”O 16 “.r PO 
2 VERSAR 17-nay-** 
2 MARYLAND 17-Many-88 
3 VERSA* 26-hl-88 

1 “ERSAR lb-Har-88 
1 “ARYLAND lb-“u-88 
2 VERSAR 17-May-88 
2 “AEYLAND 17-Hay-** 
3 VERSU. 26-Jul-88 

1 VERSAR I)-Mar-88 
1 “ARYLAND 16-Mar-88 
2 YERSAP. ll-H.~-** 
2 “ARYLAND 174ay-88 
3 “ERSAR 26-Ju1-88 

12.5 
14.2 
23.0 

<5 

10 B 

2<: 

(10 

10.8 
15.7 
17.7 

10.3 
13.1 
15.1 

10.0 
12.6 
18.2 

C5 
‘1 

88 

2’: 

‘20 Cl0 <lo 
ND ND ND 

71 I) -z10 -zlO 
ND ND ND 
17 18 13 

Cl0 
Cl 

S2G 
Sl 
cs 

<IO 
21 

<20 
7, 
-25 

Cl0 
r, 

c20 
Cl 
c5 

<lo 
Cl 

c20 
-Zl 
c, 

Cl0 
2 

-30 
3 
3 



TABLE 3-1. GROUNDUATER Sh”PLB TESTING D*T* - LINDPILL *REA (Continued) 

------------___-----____________________--------------------~--------~--------~~------~--------- 
Se.lllp1ir.g 

Pnrnmscer “nit. Event D*re 1CL I ICU-2 lCU-3 ICY-4 IGU-5 

VOLATILE ORGINICS ug/L 
Tduens 

Xylane 

1 YL‘KSIR 10-1111-88 
1 IiAURYLAND 16-Mar-88 
2 VEBBA.R 17-Hay-88 
2 MARYLAND 17-Nay-88 
3 “PI\S*R ?a-Jul-88 

1 “ERS*R 16-Milr-88 
I MARYLAND 16-Ilnr-88 
1 VERSAR 17-May-88 
2 MARYLIHD 17-thy-m 
3 VERSIR 16-Ju1-88 

I VERSIR 16-Mar-88 
I nARYLAND 16-H-r-00 
2 VERSAR 17-my-** 
2 MARYLIND 17-nay-88 
3 VERSAR lb-Jul-88 

1 VERSAR 16-&r-B8 
1 NARYLAND 16-Mar-88 
2 VERSAR 17-May-88 
2 l4hRYLAND 17-May-88 
3 VERSAR 26-Jul-88 

I VEBSAR 16-Car-88 
1 UARYUND 16-“m-88 
z YEIS*R 17-by-08 
2 MARYLAND I,-May-88 
3 VERSAR 26-Jul-88 

1 YERSAR 16-nnr-88 
I MARYLAND 16-Mar-88 
2 VERSAR 17 -Nly-88 
1 MARYLAND 17-Nay-88 
3 VERSAR 26-Jul-88 

I VERSAR 16-“-r-88 
1 “ABYLAND 16-Mar-88 
2 VERSAR 17-Nay-88 
1 MmYLhHD ‘7~ma,-00 
3 YEWAR 264”1-8* 

1 VERSAR l6-“*r-88 
1 H*RYI.*NO If.-“*r-88 
2 VERSIR 17-Mq.48 
2 “ARYLAND 17-“ay-88 
3 VERSAR 26JUl-88 

c5 
-- 
<5 
‘I 
c5 

270 
300 
350 
319 

290 H 

c5 
<I 
c5 
(1 
<5 

82 

ND 
ND 
ND 
ND 
ND 

ND 

ND 
ND 
ND 

ND ND 
ND ND 
ND ND 
ND ND 
ND 16 

ND ND ND ND ND 
ND __ 67 ND 20 
ND ND ND ND ND 
ND ND 71 ND 33 
ND ND 3.8 N” ND 

C5 
Cl 
4 
d 
<5 

Cl0 
ND 

<IO 
ND 

CID 

Cl0 
ND 

Cl0 
ND 

<IO 

ND 
ND 

13 B 
ND 
ND 

<5 
<2 
-5 
‘1 
<5 

<IO c20 Cl0 Cl0 
_- ND ND ND 

<IO c40 ~10 ‘10 
ND ND ND ND 

<IO <IO <IO <IO 

ND ND ND ND 
__ ND ND ND 

19 B ND 17 B 17 B 
ND ND ND ND 
ND ND ND ND 

1 VERSAR ,6-“ar-88 l * ****  None Detacted (03.1 ug/Ll *******  

2 VERSAR I,-“ay-88 ******  None D.r.cted (<D.l ug/L) *******  

3 VERS*R 26-Jul-88 l *+*** None Detested (4.1 us/L) l * *****  
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A rrx,irw of the pH readings listed in Table 3-1 indicates that the 

g~uund-watv-r is slightly acidic, with n pH ranging from 5.L3 to 6.91. 

The upgradient wall (lGW-1) consistently had the lowest pH, suggesting 

that nny landfill leachates may be slightly basic, which resulted in the 

slightly elevated pH levels of the downgradient wells. Con\~ersrly, well 

lGW-2 consistently had the highest pH, which was essentially neutral 

(i.e., approximately pH = 7). As a general rule, the pH increased as the 

temperature increased. HoWeVet, the variability of the pH data between 

sampling events was relatively low. The ground-water pH for the base 

landfill rirt'a wells is represented graphically in Figure 3-l: None of 

the data suggests that the ground-water is excessively acidic or basic. 

The specific conductances (i.e., conductivity) ranged from 

225 ~mhos to 1,337 rmhos in base landfill well water. The 

variability between sampling events for conductivity was relatively low 

with no general trends apparent. As was the case for the pH, the 

upgradient well (lGW-1) consistently had the lowest conductivity 

measurements. T& was expected because Lllr cv~~ductivity is an indicator 

parameter for total dissolved solids (e.g., dissolved metals, chlorides, 

etc.), and this wrll is a backgl-ound well believed ro he free of 

contaminants. Monitoring well lCW-3 consistently had the highest 

cpecific conductance readings. and well lGW-5 consistentlv had the second 

highest collductivities suggesting that these two wells were the most 

contaminated of the base landfill monitoring wells. The laboratory 

analytical data supports this conclusion. Figure 3-2 depicts the 

ground-water conductivity at the base landfill area graphically. 

The volatile organic compounds (VOCs), that were detected in at 

least onr of- the base landrill ground-water samples arc listed in 

Table 3-l: all other volatile compounds analyzed for, that were not \ 
---..- ~~~~ 

detected in any of the samples, are not listed. However, sylenr, methy 

e;hyl ketone (MEK), 
~.-~ 4 

and methyl isobutyl ketone (MIBK) are listed whether I 

' they were detected or not because these parameters were specifically 

requested by NAVFACENGCOM-Atlantic Vivislon in the Scope of Work for this 

Site Investigation. 
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FIGURE 3-l. GROUND-WATER pH 

Base Landfill Area) 

lGW-1 lGW-2 lGW-3 lGW-4 lGW-5 

Monitoring Well I.D. 

March 1988 

May 1988 

July 1988 

-61. 



FIGURE 3-2. GROUND-WATER CONDUCTIVITY 

1400.0 r 

1200.0 

(8 ase Landfill Area) 

800.0 

1 GW-1 1 GW-2 lGW-3 1 GW-4 lGW-5 

Monitoring Well I.D. 

March 1988 

May 1988 

I 
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The analytical results in Table 3-1 indicate that lGW-5 and lGW-3 

were the lnost contaminated wells, as expected from the conductivity 

measurements. Both of these wells contained the two most prevalent 
/ 

volatile organic compounds, which were chlorobenzene, with concentrations 

ranging from 75 pg/L to 350 pg/L, and 1,4-dichlorobenzene, which 

had positive concentrations ranging frown 3.8 &L to 71 pg/L. 

Several other VOCs (e.g., trans-1,2-dichloroethene; chloroform; 

1.2.dichloropropnne; trichloroethrnc; benzene; and tolurnrj were detected 

in scvc~dl samples, primarily in those fl-om monitoring Wrllb lGW-3 dlxl 

IGW-5, but all of these VOCs were quantified at or below the detection 

I imit Mrrhylenr chloride, acetone, and 1 ,l ,?-trirhlorntrifluororthane 

(fluol-ocal-bon-113) were also found in several samples at varying 

concentr.itions; however, these compounds were all also found in 

laboratory bl;inks. Finally, xylene~u MIBK were not detected in --- 
any of thr ground-water samples. 

q< 
.- 

The split sample results for the Versar and Maryland splits were 

comparable for all the VOCs, detected except for the laboratory blank 

contaminants listed above and 1,4-dichlorobenzene. The blank 

contaminants were only detected in the Versar splits, while 

1,4-dichlorobenzene was generally only detected in the Maryland splits. 

Other thau these exceptions, the variability of the volatile organic data 

between the sampling events was low. 

\ 
Table 3-l also shows that organochlorinated pesticides were not 

detected in any of the base landfill area ground-water samples. The 

pesticide detection limits ranged from 0.05 pg/L to 1.0 pg/L. J 

3 2.7 Surface Water 

The surface water samples were collected from two difterent 

monitoring locations at the base landfill area designated as lSW-1 

(upgradient) and lSW-2 (downgradient) (see Figure 2-l). Versa collected 

the surface water samples from each location during three separate 

sampling events in March, May, and July, 1988. The samples collected in 

March were split with the State of Maryland. During the first and third 
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sampling event , the temperature, pH, and specific conductance were 

determined in the field prior to collecting the samples for laboratory 

analysis of VOCs and pesticides. The results of both the field and 

laboratory analyses are summarized in Table 3-2. 

The surface water pH readings listed in Table 3-2 range from 6.04 to 

7.47. The samples from location lSW-1 were slightly acidic and 

consistentlv had the lowest pH, while the pH readings for the samples 

from loc.ition lSW-2 were consistently higher and slightly basic. As a 

general rule / the pH increased as the temperature increased. HOWSh?i-, 

the variability of the pH data between sampling events was relatively low 

The surface water conductivities ranged from 175 pmhos to 334 

pmhos and were significantly higher during the July 1988 sampling 

event than in March lY811. This IS likely related to low flow condltlons 

experienced during the July sampling event.' The conductivity 

measurements for the samples from location lSW-1 were consistently lower 

than those from location lSW-2. 

k‘lth respect to the volatile orgaucs compounds analyzed for those 

VOCs that were detected in at least one of the base landfill surface 

water samples are listed in Table 3-2; all other VOCs that were not 

detected in any of the samples are not listed. However, sylene, methyl 

erhyl ketone (MF.K), and methyl isobutyl ketone (MIBK) are listed whether 

they were detected or not because these parameters 'were specifically 

requested by NAVFACENCCOM-Atlantic Division in the Scope of Work for this 

Site Investigation. 

The volatile organic compound analytical results in Table 3-2 do not 

suggest that samples from either location were significantly more 

contaminated. and do not highlight any specific compound as being 

particularly prevalent. The most common volatile organic compound was 

toluene, which had detected concentrations ranging from 1 pg/L to 5 

pg/L in base landfill surface water samples. Toluene was detected in 

samples from both locations during the second and third sampling event, 

but was not detected in either sample during the first event. Both 
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“OLATILB ORo*NICS 
“mrh,l.no Ehlorido 

UrnhO. 

d.g c 

ug/L 

Chloroform 

Tolu*ne 

Xylem 

1 YBRSIR 15-liar-88 6.81 7.07 
2 "SRSm 17-Kay4.9 N/D N/D 
3 "BRSllR 25-Jul-88 6.04 7.47 

I "BRShR 1stikr-88 175 200 
2 YERS*R 17-Kay-88 N/D N/D 
3 "ERSAR *5-,a.-88 182 334 

I "BRSAR 15-hr-88 4.4 
2 YBRSIR 17-nay-88 N/D 
3 "ERSAR zs-Jtll-88 23.1 

5.2 
N/D 

its.7 

I YERlllR 1sNarr-88 
I KARYLAND 15-hr-88 
2 VERSAR 17-nay-88 
3 VERSAR 2%Jul-88 

I VBRSAR 15-H.r-88 
1 KARYLAND 15-"nr-88 
2 VERSAR ll-nag-88 
3 "HRSAR 25-Jul-88 

c5 
‘I 

88 
6 B 

-5 
c1 

10 B 
23 

Cl0 
ND 

Cl0 
15 

<lo 
ND 

4B 
Cl0 

1 VERSAR IS-"ar-88 
1 KARYLAND 15-Kar-88 
2 VBRSAR 17-".y-88 
3 "BRDhR 25-JUL09 

-3 
<l 
<5 
-3 

CS 
1 

<5 
r5 

I VERSIR 1%".r-88 
I KARYLAND IS-"nr-88 
2 “ERSAR 17sMay-88 
3 YERSAR 25-Jul-88 

s5 
<1 

1 
2 

1 YERSAR 1%Kar-88 
I "AARYLAND 15-Mar-88 
z YERSAR 17~my-88 
3 VERSIR 25-Jill-88 

6 
<2 
C5 
<5 

<5 
C2 
a 
<5 

I VBRSAR 15-Kar-88 
I H*RYL*ND IS-NW-88 
2 VERSAR 17-nay-88 
3 VBRSAR 2.5~Jul-88 

Cl0 
ND 

~10 
<lo 

<lO 
ND 

Cl0 
‘10 

I VERShR 15-Kar-88 
I "ARYLAND 15-Mar-88 
2 VERSAR 17-&lap88 
3 VERSAR 25-Jul-88 

Cl0 
ND 

‘10 
<lO 

<IO 
ND 

Cl0 
Cl0 

1 vms*n 15-mr-88 
1 MARYLAND 15-Mar-88 
2 VERSAR 17-May-88 
3 VERSAR 25-Jul-88 

1 VKRSAR 15-tir-88 
1 "ARYLAND 15-H.r-88 
2 VERSAR 17-May-88 
3 VERUR 2%Jul-88 

ND 
<I 
ND 
ND 

4 
<I 
ND 
ND 

ND 
ND 

14 B 
ND 

ND 
ND 

17 B 
ND 

1 VERSAR 15-Km-48 * None D.r.cr.d l 

2 VERSAR 17-lay-88 l Nona Deracred * 
3 "EKSIR ZS-JuL-BB 0.m ‘0.05 
3 VERSAR 25-Jul48 0.35 co.10 
3 VERSAR 25-Jul-88 0.22 CO.10 
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chloroforlll and trichlorotrifluoromrtl~ane (fluorocarbon 113) were found in 

one sample each at or near the method detection limit. AL uilh also noted 

for the ground water sample, methylene chloride, acetone, and 

1,1,2-trichlororrifluoroethane were also found in several samples at 

varying concentrations; however, these compounds were all also found in 

laboratory blanks. Xylenrs, MEK. and MIBK were not detected in any of 

ti1r aurt,icr w‘ltrr sanlples. Itle results for ale “rrsar samplrs alld ihe 

State of Narvland splits were comparable for all the volatile organics 

dctcctrd. and the variability of the volatile organic data between the 

sampling events was low. 

A rzv1ew of tll? orgunochlorine pesclcide results iii T&l? 3-2 &ows 

that thl-rr different pesticides (hrptnchlor epoxidr, alphechlordnne, and 

~lmma-chlordsll~) were detected in the July 1988 sample from location 

1%.1. Tlrrsr prsticides were found at extremely low concrntrntion‘z 

rangit,?, f*-om (I ?O ug/L to 0.35 fig/L. As was the case for the 

vocs, onlv the pesticides that werr detected in at least one sample of 

the sprcifird matrix type are listed in Table 3-2. 

3.2.3 Sediment 

'Ylrc base landfill area srdlmenr samples wlr cullvctrd from two 

different locations, which were the same as for the base landfill surface 

WdlCI san,pIes. Thcsc sediment sampling locations were designated A< 

lSED-1 (upgrddient) and lSED-2 (downgradient). [See Figure 2-l.] Versa 

rollerted the sediment samples from each location during three separate 

sampling events in March. May, and July, 1988. These samples were 

analyzed for the presence of volatile organic compounds (VOCs) and 

organochlorine pesticides. and the results are summarized in Table 3-3. 

With rt'spect to the VOCs, those that were detected in at least one 

of the base landfill sediment samples are listed in Table 3-3; those VOCs 

that were not detected in any samples are not listed. However, xylene, 

methyl ethyl ketone (MEK), and methyl isobutyl ketone (MIBK) are listed 

whether they were detected or not because these parameters were 

specifically requested by NAVFACENGCOM-Atlantic Division in the Scope of 



TllBLE 3-3. STREAN SEDI”ENT SANPLE TBSTINC Dxm. - LANDPILL AREA 

S.mplln* 
P.r*rneter him Evmnr Dnre lSED-1 lSED-2 
-__--__________--___------------------”--”--------------“--”------------ 
VOLATILE ORCANICS WI& 

hsb,hn. Chlorld. 

PESTICIDES w/kg 
Naprlchlor 

4,4,-DDE 

4,4’-DDD 

4.4’-DDT 

alpha-Chlordane 

t “BRs*R 
2 VRRSAR 
3 VKRSAR 

I VERSAR 
2 “KRSAR 
3 VERSAR 

1 VERSAR 
2 YERSAR 
3 VERSAR 

1 “ERS*R 
2 “ELSAR 
3 VBRSIR 

I VERSAR 
2 VERSAR 
3 VKRSAR 

1 VKRSAR 
2 VERSAR 
3 “KRJAR 

1 VERSAR 
2 VERSAR 
3 “BLSm 

I VERSAR 
2 VRRSIR 
3 VERSAR 

I VERSAR 
z “KRSAR 
3 VERSAR 

1 VERSAR 
2 “PPs*P 
3 VRRSAR 

I VERSAR 
2 VERSAR 
3 VRRSAR 

1 VERSAR 
2 VERSAR 
3 YLKS.4R 

1 VERSAR 
2 VERSAR 
3 YERS*k 

a 
<5 

Cl3 
16 B 

Cl0 

Cl2 
23 s 

Cl0 

<7 
-z7 
<5 

C6 
c* 
4 

Cl3 
<I‘ 
Cl0 

Cl2 
<16 
Cl0 

“cl3 
<14 
<IO 

Cl2 
<16 
Cl0 

ND ND 
5N 88 

“D HD 

ND ND 
ND ND 
ND I R 

29 
97 
38 

56 
180 

95 

61 
<‘5 

77 

170 
360 
170 

46 
190 
‘SO 
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Work for this Site Investigation. Similarly, for the pesticides, only 

those compounds that were detected in at least one sediment sample are 

listed in this summary table. 

The volatile organic compound analytical results in Table 3-3 

indicate that a total of only four different volatile organic compounds 

wrre detected in the samples from both locations, and all four of these 

compounds were also drrrcted in laboratory blanks. Xylenrs. MEK, and 

MIBK were not detected in any sediment samples. The variability of the 

volatile organic data between the sampling events was relatively low. 

A rex'iew of the pesticide results in Table 3-3 shows that several 

different pesticides were detected in the drainage ditcli samples from 

location ISED-1. Some ot these pesticides were also detected in samples 

from location ISED-2, but at concentrations at least two times less than 

those from location lSED-1. The pesticides that were found suggest that 

this area &is contaminated with VVT and technical chlordane. The mo.st 

prevalent pesticides are 4,4'-DDT, with concentrations ranging from 170 

pki:/k# ~0 360 r&&s. and gamma-chlordane, with concentrations 

ranging from 49 pg/kg to 350 pg/kg. The variability of the 

pesticide concentrntinns hrtween the sampling events is moderate, with 

the concentrations from the second event generally higher than those from 

the first and third event. 

3.3 Oil Sruarator Pit Results 

Samples ot ground water, surface wawr, and stream sedimrnL weir 

collected from the oil separator pit area during three different sampling 

event5 in March, May, and July, 1988. These samples were analyzed for 

lrad, oil and grease, volatile organic compounds and PCBs. Additionally, 

rhr trmpe,-ature. pH, and specific conductance of the water samples were 

determined in the field. The analytical results for each parameter, 

summarized by sample matrix, and a narrative evaluation of these results 

are presented in Sections 3.3.1 through 3.3.3. 



3 3 1 Ground Water 

The ground-water samples were collected from five different 

monitoring wells installed at the oil separator pit area, which were 

designated as 2GW-1 (upgradient well) and 2GW-2 through 2GW-5 

(downgradient wells) (see Figure Z-8). Versar collected ground-water 

samples from each well during three separate sampling events in March, 

May, and July, 1988. The samples collected in March and Mav were split 

with the State of Maryland. During each sampling event. the temperature, 

pH, and specific conductance were determined 1" the field prior to 

collecting the samples for laboratory analysis. After arriving at the 

labolaLuq, LIE samples were analyzed for lead, oil and grcasc content, 

volatile organic compounds (VOCs), and PCBs. The results of both the 

field and laboratory analyqrc: for the oil separator pit ground-water 

samples are summarized in Table 3-4. 

A r-rvirw of the pll measuz-ements in Table 3-4 indicares that the 

ground water is slightly acidic, with the pH ranging from 5.34 to 6.79. 

The upgxadienr well (ZGW-1) consistently had the lowest pH, suggesting 

that any leachates from the oil separator pit area may be slightly basic, 

hence the elevated pH levels of the downgradient wells. Conversely, 

monitoring Wells ZGW-2 and ZGW-5 consistently had the highest pH 

readings. The pH readings appeared to remain relatively constant over 

time for edch well with only minor variations between the three sampling 

events. The ground-water pH for the oil separator pit wells is depicted 

graphically in Figure 3-3. 

The specific conductances ranged from 112 pmhos to 507 pmhos 

with well LGW-1 consistently having the lowest conductivity and 

wrll 2GW-5 having the highest. It was anticipated that well 2GW-1 would 

have the lowest specific conductance readings because the conductivity is 

nn indicator parameter for total dissolved solids (e.g., dissolved 

metals, chlorides, ew.), and this well is a backgLuuc,d well believed to 

be free of contaminants. The variability between sampling events for 

conductivity was relatively low with no general trends nppnrent 
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Lend 

*est.one 

1 “ERSIR 
2 “ERS*R 
3 “ERSAR 

1 “ERS*R 
2 “ERS*R 
3 “ERS*R 

1 “ERSAR 
2 “ERS*R 
3 “ERS*R 

I “ERSAR 
2 “ERs*R 
3 “ERSIR 

I “ERS*R 
2 “ERSAR 
3 “ERSIR 

15-n.r-88 5.34 6.79 6.04 6.15 6.13 
164.p88 5.82 6.51 5.98 6.16 6.55 
zs-hl-88 5.68 5.86 5.90 5.76 6.23 

15-“.r-88 133 112 153 254 426 
16-nay-88 155 251 163 263 507 
25-hl-88 162 231 182 288 432 

IS-nsr-88 
16-Nay-m 
25-Jul-88 

9.9 
12.3 
16.4 

8.5 
12.8 
16.4 

9.7 
13.5 
16.1 

8.3 
15.0 
14.7 

,5-nnr-88 
16.H-y-88 
*5-Jul-88 

c5.0 
4.0 
s5.0 

x5.0 
4.0 

5.5 

X5.0 
4.0 
C5.D 

x5.0 
4.0 

5.8 

6.0 
IS.0 
c5.0 

IS-mr-ss 0.94 0.55 I.69 0.44 0.40 
16-Hay-88 1.61 1.34 1.07 I.64 1.68 
25-Jul-88 0.66 0.73 1.19 0.70 1.14 

1 “ERSIR 15-mr-88 
1 MARYLAND 15-&r-S8 
2 “ERSIR 16-May-88 
2 MARYLAND 16-Hs%y-88 
3 VERSAR *5-Jul-88 

1 “ERSAR 15-Mar-88 
1 nARYLAND 15-Mar-8s 
* “ERS*R 16-“ay-88 
2 MARYLAND 16-May-88 
3 “ERSIR 25-Jul-88 

1 “ERSIR 1.5~n-r-8s 
1 MARYLAND 154*r-88 
2 “ERSAR 16-kg-88 
2 MARYLAND 16-“ny-8S 
3 “ERh.4R zs-Jul-88 

I VBRSAR 15-“m-88 
I LURYLIND 15-“.r-88 
2 “ERSAR 16-May-88 
2 MARYLAND 16-May-88 
3 “ERSAR 25-Jul-88 

1 “ERSIR 15-br-88 
I MARYL*ND IS-nar-88 
2 “ERSAR 16-tlapS8 
2 MARYLAND 16-Hay-88 
3 “ERSAR 2%Jul-88 

I “ERSAR 15-kkr-88 
I nARYLAND IS-Mnr-88 
2 “ERSI\R 16-May-88 
2 HARYLAND 16-“v-88 
3 “ERSAR 25-Ju1-88 

1 “ERSAR 15-“*r-s.9 
I nARYLAND 15-n*r-88 
2 “ERS*R 16-“ray-88 
2 MARYLAND 16-May-88 
3 “ERSAR 25-Ju1-88 

<5 
<t 
s5 

c5 

<10 
ND 

9s 
__ 

9 

‘3 
NO 
<5 
-_ 
s5 

c5 
Cl 
<5 
-- 
<5 

c5 
‘1 
<5 
__ 

c5 

<5 
<1 
<5 
__ 
-3 

c5 
‘I 
-2 
__ 

<5 

<5 
<I 
c.5 
-cl 
<5 

<5 
<1 
<5 
Cl 
c5 

9B Cl0 
ND ND 

‘10 Cl0 
ND ND 

Cl0 16 

(5 
ND 
c5 
ND 
Cd 

6 
<I 
<5 
‘1 
0 

4 
Cl 
-3 
<1 
<5 

<5 
<I 
-3 
‘1 
<5 

<5 
<I 
<5 

5<: 

<IO 
ND 

7 s 
ND 
13 

a 
NO 
<5 
ND 

1 

s 
s 
9 
8 

10 

<5 
<I 
<5 
-Z1 
c5 

‘5 
‘1 
c5 

1 
<5 

<5 
<I 
0 
Cl 
<5 

<5 
‘1 
<5 
Cl 

5B 

<IO 
ND 

Cl0 
ND 

8 
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TmLE 3-4. CRO”NDUITER SAMPLE TEST1”0 DATA - OIL SEPAN*TOR PIT AREA ~Contir.u.d, 

Xy1sne 

<5 

x5 
<l 
45 

<5 
<I 
<5 
‘1 
65 

<5 
‘1 
-s5 
.Y1 
C5 

<5 
‘1 
<5 

1 
x5 

1 “ERSAR 15-lhr-88 
1 HARYLAND 15-nar-88 
2 “ERSAR 16-Nay-88 
2 “ARYLAND 1w4ay-88 
3 “BRSAR 25-Jul-88 

c5 
Cl 
c5 
‘1 
<5 

<5 
<1 
c5 

1 
1 

1 YERSIR 15-mr-88 
1 MARYLAND 154nr-88 
2 YERSIR 16-“ay-*B 
2 NALRYLIND 16-“e.g-8.9 
3 VPRIAR zs-Jul-88 

x5 
Cl 
‘5 
<I 
-z5 

1 “HRS*N 15-“*r-88 
I NARYLAND 15-Mar-88 
2 “BRSAR 16-“*y-88 
2 nARYLIND 164lsy-88 
3 “ERSAR 25-h1-88 

c5 
c2 
<5 
__ 

c5 

<5 
‘2 
‘5 
<2 
c5 

<5 
c2 
‘5 
c2 
<5 

<5 
‘2 
c5 
c2 
<5 

1 VERSAR IS-br-88 Cl0 Cl0 Cl0 <lo Cl0 
I MRYLAND 1%PIa=-80 ND ND ND ND ND 
2 VERSAR M-Nay-88 Cl0 Cl0 Cl0 -cl0 <lo 
2 MARYLAND 16-by-88 __ ND ND ND ND 
3 VERUR 25-Jul-88 Cl0 <lO Cl0 Cl0 Cl0 

1 VBRS.4R 1%“.r-88 Cl0 <lo x10 <lo Cl0 
1 MARYLAND 15-Mar-8.4 ND ND ND ND ND 
2 “ERSIR le.-nay-m Cl0 ‘10 <IO <lo Cl0 
2 “ARYUND 16-May-88 __ ND ND ND ND 
3 “BRSAR 25-Jul-88 Cl0 Cl0 Cl0 SlO ‘10 

1 VERSAR 15-“*r-*8 ND ND ND ND ND 
1 MARYLAND 15-“*r-88 <I <I Cl Xl Cl 
2 YIK4R *.s-my-se ND ND ND 3 ND 
2 MARYLAND 16-thy-88 __ Cl Cl <I Cl 
3 VERSAR 25-Jul-88 ND ND ND ND ND 

I “BRDIR 15-MSZ-M ND ND ND ND ND 
1 MARYLAND 15-“ax-88 ND ND ND ND ND 
2 “ERSAR 16-nay-88 L7 B 17 B 14 B 16 B 11 B 
2 MARYLAND 16-Hay-88 __ ND ND ND ND 
3 “ERSm 25-JUl-88 HD ND ND ND ND 

1 “ERS*R 15-“nr-88 
1 MARYLAND 1.5~Mar-88 
2 “ERSAR 16-tl*y-8* 
2 MKILAN” I6-“ny-88 
3 VERSAR 25-Jul-88 

ND 
ND 
ND 
__ 

ND 

ND 
ND 
ND 

tl; 

ND ND 
ND ND 
ND ND 
AD ND 
ND 28 

ND 
ND 
ND 

ii 

________________________________________-------------------------------------------------------- 
ND - Not Demcced 
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The ground-water conductivity at the oil separator pit is represented 

graphically in Figure 3-4. 

The lead analytical results provided in Table 3-4 show that only two 

ground-water samples (from Wells 2GW-2 and 2GW-4) were found to contain 

detectable quantities of lead. Both of these samples were collected 

dul-ing the third sampling event, and both lead concentrations are only 

slightly above the method detection limit. 

The oil and grease results in Table 3-4 range from 0.40 mg/L to 

1.69 mg/L. The oil and grease concentrations appear to be more or less 

equal across all of the monitoring wells. The variabilitv of the oil and 

grease concentrations was moderate between sampling events. and in 

general, the concentrations were higher for the second round than for the 

first and third sampling events. The background well did not exhibit 

consistently lower oil and grease content than downgradient wells. 

The volatile organic compounds that were detected in at least one of 

the oil separator pit ground-water samples are listed in Table 3-4; those 

VOCs that were not detected in any sample are not listed. HOWeVer, 

sylrnr, mrthyl ethyl ketone (MEK), and methyl isobutyl ketone (MIBK) are 

listed whether they were detected or not because these parameters were 

specifically requested by NAVFACENGCOM-Atlantic Division in the Scope of 

Wurl Lur Lllis Siir I~~vastigriiiu~l. 

The results in Table 3-4 show that 2GW-2 and 2GW-4 were the most 

contaminated wells, respectively. No VOC was quantified in any sample at 

a concentration greater than 10 pg/L. All of the samples from each 

01 Ltlesr 2 wells wllLdiklrd rllr twu uw>t p~evalr~kL VOCs, wllicll went' 

trans-l,L-diclllororthene. with concentrations ranging from 6 pg/L to 

10 P&L. and trichloroethene, which had concentrations ranging from 

5 a/L to 7 KS/L. Several other VOCs were quantified in only one 

or two samples in concentrations at or below the method detection limit. 

Methylene chloride, acetone, hesamethylcyclotrisiloxane, and 

1.1.2.trichlorotrifluoroethane were also found in several samples at 

val-ying concentrations; however, these compounds were all also found in 
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FIGURE 3-4, GROUND-WATER CONDUCTIVITY 
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laboratory blanks. These blank contaminants were detectrd in only the 

Versa sanplrs and not in the State of Maryland splits. Finally, 

sylenes, MEK, and MIBK were not detected in any samples. 

The split sample results for the Versar and State of Maryland splits 

were essentially equal for all the volatile organics, except for the 

laborntorv blank contaminants listed above. Excluding the laboratory 

blank contaminants, the variability of the volatile organic data between 

each of the three sampling events was low. 

Table 3-4 also shows that PCBs were not detected in any of the oil 

separator pit arca ground-water samples. The PCB detection limits ranged 

iron1 0.5 fig/L to 1.0 p&L. 

3.3.2 Surface Water 

The surface water samples were collected from three different 

monirorin~, lornrions at the oil separator pit area designated as ZSW-1 

(upgradient) and ZSW-2 and ZSW-3 (downgradient) (see Figure Z-8). Versar 

collected the surface water samples from each location during three 

separate sampling events in March, May, and July, 1988. The samples 

collected in March were split with the State of Maryland. During the 

first and third sampling event, the temperature, pH. and specific 

conductance were determined in the field prior to collecting the samples 

for label-atory analysis of lead, oil and grease content, volatile organic 

compounds (VOCs). and PCBs. The analytical results from both the field 

and laboratory analyses are summarized in Table 3-5. 

The surfxr water pH readings listed in Table 3-5 range from 6.60 to 

7.33. The samples from location ZSW-2 were slightly acidic and 

consistently had the lowest pH, while the pH readings for the samples 

from locations ZSW-1 and 2SW-3 were consiswntly ILiglwL ~LIJ slightly 

basic. The variability of the pH data between sampling events was 

relatively low. 

The surface water conductivities ranged from 90 pmhos to 

160 pmhos, and were higher during the July 1988 bdmplilkg rvent than 
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TABLE 3-5. SURFACE YATER SANPLE TESTINC DATA - OIL SEPIRITOR PIT .4REA 

S.mpling 
Fbrroec.r “*it* 8”w.r Date ZSN- 1 2862 

1 YER8.u 15-Hnr-88 6.83 6.7‘ 
z “BRSAR 16-Nay-88 N/D N/D 

Lend 

*cetone 

xy1ens 

“dlO* 

deg c 

uglL 

mg/L 

“g/l. 

3 “ERShP. 

1 VERSAR 
2 “ERS*R 
3 YERSAR 

1 VERSAR 
2 VBRSIR 
3 YRRP*R 

1 “ERSAR 
7. “ERSAR 
3 VERSAR 

1 “ERSAR 
2 YERS*R 
3 “ERSAR 

I VERSAR 

zs-hi-88 7.27 6.60 7.33 

15-Npr-aa 90 90 90 
16-thy-88 N/D N/D N/D 
25-hL-88 160 115 160 

15-Ha--88 5.3 3.5 4.0 
16Nq-88 N/D N/D N/D 
25-Jul-88 23.5 22.3 22.5 

154h-a8 
16-,,a+8 
ZS-JUl-88 

6.0 
C5.0 
(3.0 

<5.0 
39.0 
-3.0 

c5.0 
e5.0 
0.0 

15-Mlr-B8 0.50 0.16 1.82 
lb-Iny-88 0.44 2.‘6 0.58 
25-Jul-88 0.84 3.19 2.48 

15-hr-88 <5 
<I 
c5 

38 

<5 
<l 
4 

38 

1 NARYLAND 15-“ar-88 
2 VERSAR 16-Nay-88 
3 vms*9. 25-Jul-88 

I VERSAR 15-MU-88 
1 NARYLAND 15-Nanr-88 
2 VERSAR 16-May-88 
3 “ERBAR 25-Jul-a* 

‘Cl0 x10 Cl0 
ND ND ND 

Cl0 Cl0 <LO 
Cl0 12 1‘ 

1 VERSAR 15-Mar-88 
I MARYLAND 15-Mm-88 
2 VBRSAR 16Uny-88 
3 wmsm 25-Jul-88 

C5 
<2 
C5 
-3 

6 
s7. 
<5 
-3 

45 
‘2 
<5 
G5 

1 “ERSAR 15-tlar-88 <lo <IO Cl0 
1 NARYLAND 15-Mar-88 ND ND ND 
2 “BRS.4R 16-thy-as C‘” CL0 ‘10 
3 “ERSAB 25-Jul-88 Cl0 Cl0 Cl0 

1 VERSAR IS-,,srr-88 
1 “ARYLAHD IS-Mar-88 
2 YERSAR 16-thy-88 
3 YERSAR 25-Ju1-88 

<lO 
ND 

‘10 
Cl0 

X10 
ND 

‘10 
‘10 

<10 
ND 

Cl0 
<IO 

1 VERSAR IS-“nr-88 ND 
1 MARYLAND 15-k,r,r-88 ND 
2 VERSIR M-thy-88 L1 8 
3 VERSAR *5-hL-88 ND 

ii 
15 8 

ND 

28U-3 
- - - _ - - _ 

7.24 
N/D 

ND 
ND 

LO 8 
ND 

1 “ERS*R IS-lhr-88 Non. D.r.er*d (cl.0 US/L) 
2 VERSAR 16-hy-88 None D.t.ct.d WI.0 U&j 
3 VBRSAR 25-Jul-88 None Dat.cred Is1.D US/L1 

__----~____----_____---~~~~~---~~~~-~---~~~~~~-.~------~.-------~~-------~~~~~~~~~~ 
ND - Nor Defected; N/D - Nor Determined 

8 - P.r.mece.r was detmcred in L.bor.~or~ bL.nk.i pomibl. con~..in,rion. 
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in March 1988. As was the case for surface water samplrb collected at 

the base lnndfill, the elevated conductivities in July iire likely rrlrrtrd 

to low flow conditions preceding this sampling event. The conductivity 

measurements for all of the sample locations were approximately equal, 

with only slight variability between sampling events. 

Thr lead analytical results provided in Table 3-5 show rhnt only one 

surface water sample (2SW-2) contained lead at a concentration of 

39 fig/L. This sample was collected during the second sampling 

event, This one data point appears to be an outlier when compared to the 

other surtnce water analytical results. 

The surface water oil and grease results provided in Table 3-5 

illustrate a range of concentrations from 0.44 mg/L to j.lY mg/L. The 

oil and grease concentrations were highest for location LSW-2 (in the 

tributary connecting the oil separator pit to Happy Valley Creek) and 

were lowest for background location 2SW-1. The variability of the oil 

and grease concentrations between sampling events was relatively low for 

location 'LSW-1, hut was relatively high for downgradient locations 2SW-2 

and 2SW-3 The oil and grease concentrations were consistently higher 

for thr third round than tar the first and second sampling events. 

Volatile organic compounds that were detected in at least one of the 

oil separator pit surface water samples are listed in Table 3-5; those 

VOCs that wrr not detected in any sample are not listed. HOWWl-, 

xylem, methyl ethyl ketone (MOK). and methyl lsoburyl ketone (MIBK) die 

listed whether they were detected or not because these parameters were 

specifically requested by NAVFACENGCOM Atlantic Division in the Scope of 

Work for this Site Investigation. 

The volatile organic results presencea in Table 3-5 do not sugpeb~ 

that the samples from any one location were significantly more 

contaminated than those from the other locations, and do not highlight 

any compound as being a serious problem. The most prevalent volatile 

nreanic compound was acetone. which had detected concentrations ranging 

from 12 pg/L to 14 pg/L. Acetone was detected in samples from 
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locations 2SW-2 and 2SW-3 during the third sampling event, but was not 

detected in either sample during the first or second sampling. event. 

Additionally, both methylene chloride and 1,1.2-trichlorotrifluoroethane 

(fluorocarbon-113) were also found in several samples, but these 

compounds were all also found in laboratory blanks. Xylenes, MEK, and 

MIBK were not detected in any surface water samples. The split sample 

results for the Versar and Maryland splits collected during the first 

sampling event were identical for all the volatile organics because no 

volatilrb were detected in either of the splits tram each LocatIon. 

Table 3-S also shows that PCBs were not detected in any of the oil 

sepal-ato,- pit a1-en surface water samples. The PCB drtrrtiotl limits 

rangrtl from 0 5 pg./L to 1.0 &L. 

3.2.1 Sediment 

Tllr oil separator pit area sediment samples were collected from 

three different locations, which correspond to the locations for the oil 

separator pit surface water samples (see Figure 2-8). These sediment 

sampling locations were designated as 2SED-1 (upgradient), ZSED-2 

(downgradient), and 2SED-3 (downgradient). Versar collected the sediment 

samples from each location during three separate sampling events in 

Mdrch, May, and July, 1988. These samples were analyzed for lead, oil 

and grease content, VOCs, and PCBs. Kesults are summarized in Table 3-6. 

Tlw lend analytical results provided in Table 3-6 show that lead was 

detected in all the samples at concentrations ranging from 5.6 mg/kg to 

141 mg/kg. The concentrations of the samples collected from location 

ISED- were significantlv higher (approximately 10 Limes higher) rhan 

those of the samples collected at Happy Valley Creek locations 2SED-1 and 

ZSED-3. which were approximately equal. The lead concentration 

variability between the sampling events was relatively high, and in 

general, the samples collected during the second sampling event had 

higher lead concentrations than those collected during the first and 

third rounds of sampling. High variability is likely due to the random 

sampling of sediment at each location during each sampling round. 
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TABLE 3-6. STRXAM SEDIKENT SAHPLE TESTING D*T* - OIL SEPARATOR PIT *BE* 

----________--__________________________------------------------------------~--- 

Date ZSED-1 ZSED-2 ZSED-3 

VOLATILE ORCANICS 
Mathr1.r.e Chloride 

I-Ethyl-3-H.chyl-B.nr.n. 

.*lk* 

w/kg 

‘%lk% 

1 “ERSAR 
2 “ERS*R 
3 “ERSAR 

I “ERSAR 
2 “ERS*R 
3 VHRSIR 

1 VERSAR 
2 YERUP 

3 VERSAR 

1 VERSAR 
2 VERSAR 
3 VERSAR 

1 VERSIR 
2 VERSAR 
3 YHRSIR 

I YERS*R 
2 YERSAR 
3 "PP**R 

1 VBRSAR 
2 "ERSIR 
3 VERSIR 

1 VERSAR 
2 VERSAR 
3 VERSAR 

1 VERSAR 
2 VERSAR 
3 VERSAR 

I VERSAR 
2 VERSAR 
3 VERSAR 

I VXRSAR 
2 VERSAR 
3 VERSAR 

1 VERSAR 
2 VERSAR 
3 VERSAR 

15-“at--8.9 
16-hy-*s 
25-Jul-88 

5.6 63.0 
11.0 147.0 

5.9 44.0 

1sHar-88 
‘64hy-88 
2%Jd-88 

15-Hnr-88 
16my-** 
25-Jul-88 

154ar-88 
16-thy-88 
25-J”148 

15-tlar-88 
16-thy-88 
25-All-88 

15-"nr-** 
16-Uay-88 
25-Jul-88 

1s"PI--88 
M-Many-88 
25-All-88 

15-hr-88 
16-l4ag-** 
X5-JUl-88 

15-“a=-88 
N.-thy-** 
25-Jul-8S 

98 B 
77 B 
11 B 

<16 
4 

-z5 

Cl6 
‘15 

<5 

-33 
(30 
Cl0 

<33 
-30 
<lo 

ND 
ND 
ND 

ND 
ND 

48 

ND 
ND 
ND 

a3 c1.200 
a* c2,soo 

430 x770 

-79- 



Thr oil and grease results presented in Table 3-6 rang? from 190 

m&kg and 123,000 m&kg. The oil and grease concentrations were 

substantially higher for location 2SED-2 samples. Again, this sample 

location was in the tributary connecting the oil separator pit to Happy 

Valley Crrrk. Background location ZSED-1 yielded the lowest oil and 

grease concrlltrations, as expected. The variability of the oil and 

grease concentrations between sampling events was relatively low tar 

location 2SED-1, but was I-rlatively high for locations 2SED-2 and 

2SED-3. The oil and grease concentrations were generally higher for the 

first round than for the second and third rounds of sampling. 

With I-rsprct to the results of volatile organic con~pound analyses, 

those VOCs detected in at least one of the oil separator pit sediment 

samples are listed in Table 3-6; those VOCs that were not detected in any 

sample are not listed. However, xylene, methyl ethyl ketone (MEK), and 

merhyl isohlarvl ketone (MTRK) RI-C listed wherhrr they wcrc deterred or 

not because these parameters were specifically requested by NAVFACENGCOM- 

Atlantic Division in the Scope of Work for this Site Investigation. 

The volatile organic compound results in Table 3-6 indicate that a 

total of only six different VOCs were detected in the sediment samples 

from the three locations, with four of these compounds also detected in 

laboratory blanks. The two volatile organic compounds which were not 

detected in the laboratory blanks were found in one sample each, and both 

of these (tolurne and 1-ethyl-3.methyl-benzene) were tentatively 

identified at concentrations below the method detection limit. .Xylen‘Zs, 

MEK, and MIBK were "ot detected in any sediment samples. The variability 

of the volatile organic data between the sampling events was relatively 

low. 

A review of the PCB results in Table 3-3 shows that PCBs were not 

detected in any of the oil separator pit stream sediment samples. The 

PCB detection limits ranged from 43 pg/kg to 2,800 pg/kg due to 

sample dilution. 
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3.4 Ounlirv Assurancr/Ounlitv Control 

The Vcrsar laboratory implemented extensive quality control measures 

on all analyses. Tile procedures used by the Versar laboratory conformed 

to the EPA Contract Laboratory Program (CLP) requirements (EPA 1987a.b). 

During all analytical activities, quality control (QC) samples were 

introduced into the sampling scheme to monitor the performance of the 

analytical method. These QC samples were prepared using both standard 

and environmental nutrices, and included laboratory-prepared QC samples 

(e.g., reagent blanks, duplicates, matrix spikes, surrogate spikes, and 

check standards) and field blanks. A detailed description of the QC 

sarllpl?s. including sample preparation procedures, can be found in Secclon 

10.0 of the QA/QC Plan for the NTC Bainbridge Site Investigation (Versar, 

1988). 

The specific QC samples used during analyses differ for each 

arulyLica1 mrLl~od. However ( in general, Lhk! qc samples Uh?d for all 

inorganic analyses are the same, and those used for all the organic 

nnalyse~ are the <ame. For the inorganic analyses. Versar analyzed 

calibration blanks, method (i.e., reagent or preparation) blanks, 

reference standards, calibration verification standards. laboratory 

control samples, duplicate samples, and spiked samples. The method 

blanks and calibration blanks were used to determine whether the samples 

were being contaminated by laboratory glassware or impure reagents. The 

reference and calibration verification standards were used to check the 

accuracy of the analytical method, excluding sample preparation and 

matrix intrrfrrences. The results from the laboratory control samples 

were used to check the accuracy ot both the sample preparation and 

instrumental analysis procedures. Finally, the results of the duplicate 

analyses were used to assess the laboratory precision, and the spiked 

sample results were used to evaluate the matrix interferences and the 

accn~rnry (i c recnvcry) 

For the organic analyses, Versar analyzed method (preparation or 

reagenr) blnnks, surrogate spikes, and matrix spike/motl-is spike 

duplicate samples. The method blank was used to ensure that method 
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interferences caused by contaminants in solvents, reagents, glassware, 

and other sample processing equipment were minimized. All samples, 

including environmental samples, blanks, and other QC samples, were 

spiked with surrogate compounds prior to any extraction or sample 

preparation procedures to monitor the effect of preparation, analysis, 

and sample Imatrix interferences on recovery (i.e., accuracy). The 

results of the matrix spike/matrix spike duplicate analyses were used to 

evaluate thr precision and accuracy of the analytical method. In 

addition to thcsc QC snmplcs, cnch organic analytical method hav 

additional QC I-equirements (e.g., system performance checks and 

calibration checks for volatile organics, and evaluation standards and 

individul standards for pesticide/PCB analyses), which arc specified in 

the nnalytic,rl procedure. The results from the analyses of these QC 

standards WCL-c used to check for linearity and degradation and to 

determine whether calibration factor and retention time criteria were 

being met. 

For both inorganic and organic analyses, field blanks were analyzed 

to isolate potential sources of contamination and to identify biases in 

the data. The results of the QA/QC analyses are summarized in the 

following subsections by analytical parameter -- lead, oil and grease, 

volatile ol-ganics, and pesticides/PCBs. 

3.4.1 Lead OA/OC 

The ground-water. surface water. and sediment samples from the oil 

separator pit were analyzed for lead. Each batch of samples was 

accompanied by blanks, standards, a duplicate, and a spiked sample. The 

results fl-om these QC samples are summarized by matrix and sampling event 

in Table 3-7. 

The results for the first sampling event indicate that all QC 

criteria were met for both the water and sediment samples. The 

calibration and preparation blanks did not contain lead, indicating that 

sample contamination was not a problem in the laboratory. Similarly, no 

lead was found in the field blanks, documenting that lend contamination 
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TIBLE 3-7. PC S”mARI POR Lm.D *NALYSBS 

0roundvat.r and Surf&z. Il.r*r 
________________________________________-- 

QC Snmple De*cription Unite Rovnd I RD”rkd 2 Rovnd 3 
(M.rdl 1988) (thy 1988) (July ,988) 

________________________________________----------------------------------------------------- 

R*ferene* Sr..nd*rd (i”iCia.1, % Recovered 101 97 104 
Calibration SLm,k (initial) US/L Cl.0 e1.0 Cl.0 
Props..rion DL..lk ‘I US/L et.0 x1.0 2.P 
Prep.r.tion Sllllk 12 US/L N.A. Cl.0 N.A. 
Csltbracion Ysrific.rion ,I I Rscosarsd 96 96 92 
Calibm~ion “*rifica~ion 12 x R*covered 100 100 92 
Cnlibmcian Ysrific.rian t3 1 Recosmrsd 96 100 96 
Cnlibra~ion “.rific.~ion 14 I R*eov*rsd N.A. 104 96 
Labo,rarory conrro1 S.mph x Recovered 84 97 103 
S*mpls Duplicam X APD 0.0 N.C. N.C. 
Spike R.esos.rg x Recovered 100 100 95 
RefermIce Sr.ndard (firal) x Racoserad 102 N.b.. 108 
Calibration Sllrlk (final) W/L Cl.0 N.A. <I.0 

____________---____-------------------------------------------------------------------------- 

Sadim.nt 

Round I Round 2 
(March 1988) (May 1988) 

.-_---_-___-__-__ -____-____-__-_ 
105 104 

S1.0 Cl.0 
e0.2 Cl.0 
a.2 N.A. 

100 101 
96 104 

100 104 
108 I08 

92 109 
17 30* 

114 93 
100 

.Cl.O 
N.A. 
N.A. 
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was not occurring in the field. The recoveries of the reference 

standards, calibration verification standards, and laboratory control 

samples were consistently between the QC criteria of 90% to 110%. 

Similarly, the recoveries of the spiked samples were within the QC 

criteria of 75% to 125%. Finally, the relative percent difference (RPD) 

for each duplicate sample was below the QC limit of 20%. 

For the second sampling event, the results in Table 3-7 suggest that 

the analyses were again in control (i.e., within acceptable QA/QC 

guidelines). All QC criteria were met, with the exception of the RPD for 

the duplic.itr sediment sample. This higher RPD was the result of 

splitting a sediment sample that was wet, which made it extremely 

difficult to obtain equivalent homogeneous samples. 

The analyses of the third sampling event samples were also in 

control. One blank (preparation blank i/l) for the water samples did 

contain a negligible quantity of lead; however, none of the ground-water 

or sufacr water samples collected during that sampling event contained 

lrdd ‘It LlLrLr‘tdble levels. Tlrrrrforr, IW PusiLivr bias CLOIU the blank 

contamination was introduced in the analyses of the samples. All other 

QC criteria were met for the samples collected and analyzed from the 

third sampling event. 

3.4.2 Oil and Grease OA/OC 

The ground-water. surface water, and sediment samples from the oil 

separator pit were analyzed for oil and grease. Each sample batch 

included blanks, a reference standard, a duplicate, and a spiked sample. 

The results from these QC samples are summarized by sample typ'r d,ld 

sampling round number in Table 3-8. 

Although the callbratlon blank results and the duplicate RPD met the 

QC criteria for both the water and sediment samples collected from the 

first sampling event, the results in Table 3-8 indicate that several 

other QC criteria were not met. For the water samples, the reference 

standard I-acovery exceeded the upper QC limit of 110%. However, the 
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_--_____________________________________----------------------------------------------------- 
CrO”lld”*f~. *nd Slmf.C, war..r 

----------_----_-------------------------- 
QC Snmplc3 D.P.criptian ““ire Bound 1 

Bs”nd * 
Round 3 

(larch 1988, (nay 1988) (July 19881 
__-_____________________________________----------------------------------------------------- 

R.fer.ne. St.nd.rd I Rm0rr.r.d 14*+ ,79* 179 
Calibrrrion BlmLk w/L co.1 co.2 CO.2 
P,.p.rI?cton Blank W/L a.* C”.Z ‘0.2 
CeLibr*rion V.rLfie.tion ,I 1 Rsco*c-ed 93 10% 181* 
Calibrrrion YerifiePtion 12 x hc0”er.d 105 101 !I.*. 
S.mplc Duplicata 1 RPD 0.6 1.6 0.0 
spike Recov*rv t Recover.* 92 104 N.A. 

S.dil.llC 
-------------------_---------------------- 

Round 1 Round 2 Bound 3 
(Ma& 1988, (H.7 ,988) (July 191)8, 

Rlrfsretlce Sc..d.rd t R.EOc..I.d g3+ 90 102 
Calibration Blank mg/r. 48.2 co.2 a.2 
Prepnrs~iom Blank w/kg xl* 5.0* 24* 
Cnlibrncion V*rificnrian II I R.eov.re.d N.A. R.A. 101 
Cslibrstion verific~cion /2 x Recov*red N.11. N.A. N.A. 
Sw.nph. Duplicnt. 7. RPD 7.0 3.2 1.1 
spi*a Recovery s1 I R*cor*,rd 131* 86 N.A. 
SpLk. !beov.rg 12 2 Resrrard 154’ R.A. u.*. 
--------------------------------------------------------------------------------------------- 
N.A. - Not nwilable 

* - 1ndFeat.s rhnc the r.porced rmlue is aof within speciff.d QC Limit.. 
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recovered value was within the 95% confidence interval for the reference 

standard, and therefore, if is considcrcd acceptable. All other QC 

criteria for the water samples were met. 

For the sediment samples obtained from the firsL sawpliug event, the 

preparation blank contained 50 mg/kg of oil and grease. This indicates 

that some contamination may have been introduced in the laboratory rhnt 

would positively bias the analytical results for the sediment. 

Consequentlv. the oil and grease concentrations for the first sampling 

event sediments should be used cautiously. No oil and grease was found 

in th? field blanks, which suggests that this contamination was not 

occurring the in the field. The recovery of the reference standard was 

low, howewr, this recovery was within the 95% confidence levels for this 

refel-rncr standard and is acceptable. The recoveries of the spiked 

samples exceeded the upper QC limit of 110% for the sediment samples, 

providing further evidence that a positive bias may have been Introduced, 

For the second sampling event, the results in Table 3-8 suggest that 

the oil and grease analyses were in control. Again, the reference 

standard recovery for the water samples was high, but was within the 95% 

confidence interval. Also, as was the case tar the first sampling evenr. 

samples, the preparation blank for the sediment contained oil and grease, 

but ai: an Insignificant quabiity when compared fo the sediment sample 

concentrations. All other QC criteria were met for the samples from the 

second sampling event samples. 

The results of the third sampling event samples also show that the 

oil and grease dzlaly>~:s were in control. Although rhc I-cfcrcnce standard 

nnd calibration verification standard recoveries for the water samples 

were slightly high, they were within the 95% confidence interval. 

Additionally, as was the case with analyses from previous sampling 

events, the preparation blank for the sediment samples did contain oil 

and grease, but this concentration (24 mg/kg) was negligible when 

compared ro the sediment sample concentrations. Therefore, no 

significant positive bias from the blank contamination was introduced in 



the analyses of the samples. All other QC criteria were met for the 

samples collected from the third sampling event. 

3.4.3 Volatile Organic Comwund OA/OC 

The ground-water, surface water, and srdiwrut bauples from both the 

base landfill area and the oil separator pit were analyzed for the 

presence of volatile orgnnic compounds (VOCs). Each sample was spiked 

with surrogate compounds, and eailh sample batch was accompanied by a 

blank. check standards. a matrix spike (MS), and a matrix spike duplicate 

(MSD). The surrogate recoveries for the water samples and the sediment 

samples a~-< presented in Tables 3-9 and 3-10, respectively. The matrix 

spike and matrix spike duplicate results are presented in Table 3-11. 

For the saaples collected from the first sampling event, all tuning, 

syster performance check, and continuing calibration check requirements 

were met, and all samples were analyzed within.prescribed holding times 

during a 12-hour period following daily calibration. A field blank was 

also analyzed and it did not contain any VOCs. The laboratory blanks for 

both the waters and sedimeixt contained acetone (8 pg/L for water and 

8 pg/kg for sediment) and methylene chloride (3 pg/L for water 

and 3pg/kg for sediment). Therefore, the analytical results for 

actual samples that yielded detectable levels of these compounds were 

rlaggrd wit11 d "B" to indicate that these paramcrcrs acre found in the 

laboratory blanks and should be used with caution. The results in 

Tables 3-9 through 3-11 inrlirnrp rhnt all QC criteria for surrogate 

recoveries, MS/MSD recoveries, and MS/MSD RPDs were met, and therefore, 

the analyars are considered acceptable for both the water and sediment 

samples. 

The results in Tnhle 3-9 through 3-11 indicate that the analyses for 

the samplrs from the second sampling event were also acceptable. The MS 

and MSD recoveries for chlorobenzene in water were below the lower QC 

limit of 75%. However, the sample concentration was more than five times 

the spike concentration, so the QC limits for recovery do not apply. All 

other QC criteria, including adherence to holding times, were met. The 



TABLE 3-9. SURROGATE COMPOUND RECOVERIES FOR VOLATILE ORGANIC ANALYSES 
DP GROUNDWATER AND SUBPACE WATER SAMPLES 

Sampla No. 

21151 
21153 
21155 
21157 
21159 
21161 
21163 
21165 
21169 
21173 
21177 
211a, 
7.11as 
21189 
21193 
21197 

2119718 

21197HSD 
35445 
35449 
35453 
3.5457 
35461 
35465 
35469 
35473 
35477 
35482 
35484 
35487 

354ama 
35487MSD 

35488 
35490 
35492 
35494 
33DO1 
33013 
33017 
33021 
33625 
33029 
33033 
33037 
33058 
33060 
33062 
33064 
33066 

33066118 
33066”SD 

33068 
33070 

Btmofluoro- 1.2-Diehloro- 
Sample Dmxiption Tolu*ne-aO B.IS*.e arh.rd-d* 

(88 - 110) (86 - 115) (76 - 114, 
._______________________________________-------------------------------- 

IGW-1. Round 1 
ICU-4. Round I 
IGW-3, Round 1 
IGU-5. Round 1 
IGU-2, Rovnd 1 
18W-1. Round 1 
IS!&2. Rovnd 1 
2GG-1. Round 1 
ZGW-3. Round 1 
ZGW-z. Rovnd 1 
ZGY-4. Round I 
ZGU-5. Round 1 
zsw-1, Round 1 
ZSU-2. Round 1 
zsw-3, Rax%d 1 

Field Bhnk. Round 1 
Matrix Spike, RL-und 1 

Matrix Spike Duplicate. Round I 
ZGU-1. Round 2 
2GW-2, Round 2 
2GU-3, Round 2 
2GU-4. Round 2 
ZGU-5, Round 2 
2SY-I, Round z 
zsu-2, Round 2 
ZSU-3, Round 2 

Phld Blank, Round 2 
IOU-I, RDvn.3 2 
IGW-2, Round 2 
IOU-,, Rovnd 2 

herix Spik., Round 2 
Matrix Spike Duplicate. Round 2 

IGW-4, Round 2 
ICY-Z., Rovnd 2 
law-l, Round 2 
IS!&2, Round 2 
ZGW-I, KDYId J 
2GU-2, Rovnd 3 
2GL3. Round 3 
ZGU-4. Round 3 
*cw-5. Round 3 
ZSY-1. Round 3 
2SW-2. Round 3 
ZSW-3. Round 3 
IGW-1. Round 3 
ICI.‘-2. Round 3 
lGW-3. Round 3 
IGW-4, Rovad 3 
IGW-5. Round 3 

“acrix Spike, Round 3 
He.rrix Spikm Dup1ic.r.. Round 3 

,SW-1, Round 3 
lSW-2, Round 3 

99 
100 

98 
100 

97 
98 
97 
9a 

100 

97 
03 

98 
101 

98 
100 

98 
101 

99 
96 
98 
96 
96 
96 
95 
96 
9* 
94 
94 
96 
94 
98 

100 
101 
101 
101 

97 
100 

99 
9a 

101 
97 
99 
PO 

100 
100 

98 
97 

100 
99 
99 

100 
‘II 
96 

100 
101 

100 
96 
97 
97 
99 
97 
96 
97 
96 
98 
96 
96 

;: 
100 
100 

96 
95 
96 
95 
95 

:: 
94 
95 
95 
98 

104 
109 
109 

97 
100 

98 
99 
94 
93 

93 
101 
101 
102 
100 
100 

9’: 
113 
101 
107 

99 
98 
99 

102 

96 
96 

102 
97 
9a 
97 
97 
98 
97 
98 
99 
97 
96 
97 

;: 
99 

99 
90 
91 
a9 
88 
a7 

;: 
a5 
a4 
.93 
97 
98 
a9 
92 
99 
99 
98 
99 
96 
98 
98 

101 
100 
103 
102 
103 
104 
106 
105 
105 
105 

98 
95 

103 
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TABLE 3-10. SURROOATE CO”PO”ND RECOVERIES FOR VOLATILE ORGANIC ANALYSES 
OF STREAH SEDIHENT SAMPLES 

21204 
2120485 

21204NSD 
21206 
2lZlO 
21214 
21222 

2122ZNS 
21222HSD 

21224 
21226 
21230 
21234 
33046 
33050 
33054 
33076 
33078 

33078118 
33078MSD 

ISED-I, Rovnd 1 

ISBD-2, Round 1 
Harrix Spike. Round I 

Harrix Spike Duplicate, Round 1 
ZSED-I. Round 1 
2SED-2, Round 1 
ZSED-3, Round I 
ISED-1. Round 2 

Harrix Spik.. Round 2 
H~‘crix S9iks ?uplicare. Round 2 

lSED-2, Round 2 
ZSED-I, Round 2 
ZSED-2, Round 2 
2SED-3, Round * 
ZSED-I, Round 3 
ZSED-2. Round 3 
ZSED-3. Rovnd 3 
ISRD-1. Round 3 
lSED-2. Round 3 

Harrix Spit.. Round 3 
li.=rix Spike ouplie~E.3, Round 3 

93 
96 

95 95 
94 93 
95 94 

108 78 
98 92 
97 89 
95 91 
98 
94 i: 
96 87 
89 77 
89 92 

101 102 
88 86 
97 92 
94 91 
95 94 
97 95 
94 94 

97 
95 
95 
9S 
93 
95 
91 
95 
94 
94 
94 
75 

121 
83 
84 
81 
97 
83 
81 
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124 
120 

3 
39 - 117. 

0 - 22 

94 
92 

2 
61 - 145 

0 - 14 

120 
116 

3 
59 - 172 

0 - 22 

I20 
112 

7 
61 - 145 

0 - 14 

146 
130 

15 
59 - 172 

0 - 22 

102 
108 

6 
fl - 120 

0 - 14 

108 
104 

4 
67. - 137 

0 - 24 

86 
84 

2 
71 - 120 

0 - 14 

100 
96 

4 
62 - 137 

0 - 24 

104 
102 

2 
71 - I20 

0 - 14 

114 
102 

II 
62 - 137 

0 - 24 

102 
106 

4 
75 - 130 

0 - 13 

106 
100 

6 
00 - 133 

0 - 21 

6FP 
5s* 

4 
75 - 130 

0 - 13 

106 
97 

8 
60 - 131 

0 - 21 

104 
102 

2 
75 - ho 

0 - 13 

114 
102 

11 
LO - 133 

0 - 21 

10s 
114 

5 
76 - 125 

0 - 13 

108 
102 

6 
39 - 139 

0 - 21 

82 
82 

0 
76 - 125 

0 - 13 

114 
103 

II 
59 - 139 

0 - 21 

110 
106 

4 
76 - 125 

0 - 13 

1,s 
106 

11 
59 - 139 

0 - 21 

108 
104 

4 
66 - 147. 

0 - 21 

so 
82 

76 -2127 
0 - II 

110 
104 

6 
66 - 142 

0 - 21 

114 
108 

5 
76 - 127 

0 - 11 

124 
112 

10 
66 - 142 

0 - 21 
________________________________________-------------------------------------------------------------- 
ns - “wrrir Spik. 
“SD - Mnrrix Spike Duplicate 
RPD - Ra1ar.iv* P.rcant Diff.r.nc. 

* - Indicatea xhar rhe reporxed value ia not within rpecifted QC limire. 

-90. 



field blank contained toluene (1 pg/L), methylene chloride 

(2 A&J I chloroform (2 pg/L), and 1,1,2-trichlororrifluoroethane 

(10 pg/L), and the laboratory blanks for both the water and sediment 

contained acetone (13 pg/L for water and 11 pg/kg for sediment), 

methylenr chloride (9 pg/L for water and 8 rg/kg for sediment), 

and 1,1,2-rrichlororrifluoroethane (18 pg/L for water and 6 fig/kg 

for scdimcni, Therefore, the analytical results for these compounds 

were flagged with a "B". and should be used with caution. 

The analytical results for the third sampling event samples also 

indicate that the analyses were in control. The samples were analyzed 

wl~hin prrbcribrd holding rimes, and all QC crireria WI-e mer. A field 

blank was not collected during the third round of sampling, but 

laboratol-v bl.,nks were analyzed. The water laboratory blank contained 

mcthylene chloride (6 j&L) and hesamethylcyclo-trisilosane (3 

u?JL). and the sediment blank contained acetone (3 @g/kg) and 

hesamethylcyclotrisiloxane ( 3 pg/kg). The positive results for 

these compounds were flagged with a "B", indicating that these compounds 

were found in blanks, and data should be used with caution. 

3.4.4 Pesticide and PCB OA/OC 

The ground-water, surface water, and sediment samples from the base 

landfill area were analyzed for organochlorine pesticides, and the 

samples from the oil separator pit were analyzed for PCBs. Each sample 

was spiked with a surrogate compound (dibutylchlorendatr), which is the 

same for both the pesticide and PCB analyses, and each sample batch 

included a blank, standard mixtures, a matrix spike (MS), and a matrix 

spike duplicate (MSD). The surrogate recoveries for the water samples 

and the sediment samples are presented in Tables 3-12 and 3-13, 

respectively. The matrix spike and matrix spike duplicate results are 

presented in Tables 3-14 and 3-15 for the pesticides and PCBs, 

respectively. 

For samples obtained from the first sampling event in March 1988, 

all calibration standards, linearity checks, degradation checks, and DBC 
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TABLE 3-12. S”RROG*TE RECO”ERY FOR PESTICIDE AND PCB *N*LYSES 
DP GROUNDUATER AND SURFACE UATER SAMPLES 

________________________________________------------------------------------ - _ - _ _ - - _ 
surrogara I ll.coo.ry (II 

S.mpl. No. S*mpl. D..criprion 

21158MSD 
21160 
21162 
2‘164 
21198 
21166 

2llS2 
21186 
21190 
21194 
21199 

21199MS 
21199tlSD 

3% 18 
35483 
35485 
35486 

354.611. 
35486MSD 

35489 
35491 
35493 
35496 
35446 
35450 
35454 

J,4S4”S 
35454l4SD 

35458 
35462 
35466 
35470 
35474 
35479 
33010 
33014 
33018 
33022 
33026 
3303” 
33034 
33038 
33059 
33061 
33063 

33063118 
33063MSD 

33065 
33067 
33069 
33075 

IGW-1, Round 1 iP..ricid.., 
IGW-4. Round I (P..ricid.., 
ICY-3. Round I tP..ricid..) 
IGU-5. Round 1 LP..cicid.., 

l,,rrix Spit., Round 1 (P..ricid..) 
Natrix Spik. Dup1is.t.. Round 1 (Percicid.., 

IGU-2, Round 1 tP..ricid..l 
1SN-I, Round 1 fP..cicid.., 
1SU-2, Round 1 tP..cicid.., 

Fi.ld Shrk, Round 1 tP..ricid..) 
ZGU-I, Round 1 (PCB., 
ZOU-3, Round 1 (PCB., 
20”.2. Rovnd 1 (PCS*) 
ZGU-4. Bound I (PCB., 
ZGU-5. Round I (PCS., 
ZSU-1. Round I (PCB., 
zsu-2. Rovnd I (PCB*l 
ZSU-3. Round I (PCB., 

Yi,ld Bhnk. Bound I (PCB., 
“atria Spik.. Beund 1 IPCB., 

,,,rrix Spik. 0uplis.t.. Round 1 (PCB.1 
Pi.l.3 m.nk., Round 2 LP.*EICLL.*l 

IGU-1. Round 2 thehid.., 
IGU-2. Round 2 (puthid..) 
IGU-3, Round 2 tP..Eicid.., 

Ha‘2rLx .pikco, Round 2 LP..rlold..l 
Marrix Spik. D~91ic.f., Round 2 lP..KiCid.., 

ICY-4, Bound 2 fP..risid..l 
1G”-5, Bound 2 (P..sicid.., 
ISU-I, Round 2 tP..rfsid..) 
1SU-2, Round 2 tPs.ricid.8) 

ZGU-I, Round 2 (PCS.) 
ZGU-2, Round 2 (PCB.) 
ZGW-3, Ronnd 2 (PCB.) 

“.frLX spilt*, ROYIld * (PCB.) 
“am-ix Spit. Duplic.t., Round 2 (PCS., 

ZGU-4. Round 2 (PCB., 
ZGU-5. Rovnd 2 (PCB.1 
2*u-1. Povnd 2 (PC..) 
ZSU-2. Round 2 (PCS.) 
ZSU-3. Round 2 (PCB., 

Pi.ld Bhnt. Round 2 (PCS.1 
ZGU-1. Round 3 (PCB., 
ZGU-2, Round 3 (PCB.) 
ZGU-3, Round 3 (PCB.1 
ZGU-4, Round 3 (PCB., 
ZGU-5, Round 3 (PCB.) 
zsw-I, ROYlId 3 (PCB.~ 
ZSN-2, Round 3 (PCS.) 
ZSU-3, Round 3 (PCB.) 

IGU-1. Round 3 tP..cicid..) 
ICW-2. Round 3 (PassioLd..) 
IGU-3, Round 3 IP..tieid.., 

“anix Spit.. Round 3 (P..zicid..) 
“nrrfx Spik. Dup1ic.t.. Round 3 (P.arieid.8, 

,GU-4. Rovnd 3 (P..rieLd.., 
ICY-5, Round 3 tP.8ticid.8) 
IS”-1, Round 3 (P..ricid..) 
MU-Z, Sovnd 3 (P..risid..) 

____________________--- 
Dibur~lehlor.nd.r. 

(24 - 154, 

37 
68 
28 
33 
65 
65 
23+ 
93 
96 
86 
67 
60 
96 
97 

129 
56 
94 
98 

;‘, 
106 

75 
73 
56 
41 
46 
37 
OS 
s3 
83 
79 

N.A. 

ii::: 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
3n1* 
161* 
112 
235* 
195* 
279’ 
156* 
401* 
571. 
*44* 
342. 
292* 
s5v 
383’ 
675” 
16V 
514’ 

___________---__________________________-------------------------------------------- 
(1) - Dib*rglchlor.nd.f. L, Y8.d 8. w.8 .urrog.r. colppov*d *or both ELL. p..acid. 

(hndfill 8.npl.8, and PCB (oil ..p.r.ror pit .r.. ..mpl.., fr.ctfon.. 
N.A. - Nor .v,il.bI.; 8urrog.r. compound Y., r.mov,d by mid cl..ninS .rap. 

* - 1ndic.r.. ch.x th, r8porr.d r.lu. L, ilot ulthin.8p.cifi.d QC limit.. 
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TIBLK 3-13. S”RROOATE RBCOVBRY POR PESTICIDE AND PCB AN.uLI8B8 
OP STRBAN SEDlnENT SAIm.ES 

________________________________________-------------------------------------------- 
P.scicid./PCB Susroge.te 

1. R.corarp (1, 
--_-----_-_--_-_--_-___ 

Smpl. No. S.mp1. os.criprion DibUtglChl.X.~d.t~ 

______-__--_-.-----_-------------------~~-~~-------------------~-~-!~~-~-!~~!------- 
2,203 
21205 

21205MS 
21*05IsD 

21207 
21207MS 

21207”SD 
21211 
21215 
21223 
21225 

ZIZ25NS 
21225MSD 

21227 
21227MS 

21227MO 
21231 

2123118 
21231llSD 

21235 
33047 
33051 
33055 
33077 

103 
100 

98 
96 

N.*. 
N.A. 

ii::: 
N.A. 

92 
110 

92 
96 

N.A. 
N.A. 
N.b.. 
N.A.. 
N.A. 
N.A. 
N.A. 
120 
366* 
102 
122 
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T.4BLE 3-14. MATRIX SPIKE qc S”mARY POR PESTICIDE ANNILISES 

95 100 85 84 84 76 
110 120 90 86 88 128* 

15 18 6 2 5 49* 
56 - 123 40 - 131 40 - 120 52 - 126 56 - 1.7, 38 - 127 

0 - I5 0 - 20 0 - 22 0 - 1s 0 - 21 0 - 27 

99 111 96 83 93 70 
104 117 96 86 97 89 

5 1 0 4 4 24 
46 - 127 35 - 130 34 - 132 31 - 134 42 - 139 2s - 134 

0 - 50 0 - 31 0 - 43 0 - 38 0 - 45 0 - 50 

100 00 70 84 8‘ 54 
100 75 65 82 84 44 

0 
40 -6131 

7 2 2 20 
56 - 123 40 - 120 52 - 126 56 - I21 38 - 127 

0 - 15 0 - 20 0 - ,2 0 - 18 0 - 21 0 - 27 

111 118 103 111 99 
117 119 109 117 104 

5 1 6 5 5 
46 - 127 35 - 130 34 - 132 31 - 134 42 - 139 

0 - 50 0 - 31 0 - 43 0 - 38 0 - 45 

283’ **3* 23e+ 222’ 234* 263* 
335’ 33w 290* 263’ 211+ 279” 

17* 18 20 17 15 16 
56 - 123 40 - 131 40 - 120 52 - 126 56 - 121 38 - 127 

0 - I5 0 - 20 0 - 22 0 - 18 0 - 21 0 - 27 

96 100 122 110 132 2021 
94 82 113 101 126 112 

2 9 8 9 5 57* 
46 117 35 - 130 34 - 132 31 - 13‘ 42 - 139 23 i.134 

0 - 50 0 - 31 0 - 43 0 - 38 0 - 45 0 - 50 
_______________-____--------~~---------~~---------~----------~-----------~---------~~--------------- 

ns - zll.YFX Spik. 
HSD - n.trix Spike D”PliC.E. 
RPD - P.al.riva P.rc.nt Diff.r.ns. 

* - 1ndicar.s that the r.porc.d sAta i. not within spocifiad qC limits. 

-94- 



2SED-2. Round 2 
(E*rpl. NO. 21211) 

ns Recov*ry 1%) 298’ 
nso Recose.ry (I) 316* 
RPO (I) 6 
qc Recooary Limit* so - 120 
qc RPO Idmire 0 - 20 

________________________________________---------------------------------- 

tlS - Hamix Spike 
MS0 - brrix Spike Duplicnts 
RPD - R*Laclre Perc.nr Diff.r.anEIl 

* - Indicatea ch.c the rmporred value is nof within spseified QC limits. 
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retention timr requirements were met, and all samples were extracted and 

analyzed within the prescribed holding time. A field blank and 

laboratory blank for both the waters and sediment were analyzed and did 

not contain any pesticides or PCBs. The results in Table 3-12 indicate 

that the surrogate recoveries were within the advisory limits for all the 

water samples, with one exception. Similarly, the results in Table 3-13 

show that the surrogate recoveries for the sediment samples were within 

the advisor\, QC limits for all samples. The surrogate recoveries for the 

PCB analyses ot the tlrst sampling event sediment samples are nor 

available because these samples were acid cleaned because of matrix 

irlirl-frz-rzrccs. This acid-cleaning procedure eliminated the matrix 

inrerfrrencrs. but it also removed the surrogate. The MS/MSD recoveries 

and MS/MSI) RPT)< results in Tables 3.14 and 3-15 were acceptable for all 

samples. with the exception of the 4,4'-DDT recovery and RPD in the first 

sampling i-.vnt water sample. HOWWI-, this high recovery of 4,4'-DDT in 

the MSD samplr , which led to the high RPD, indicates that the analytical 

results for this compound may be positively biased, but no 4,4'-DDT was 

detected in any water samples. Therefore, both the pesticide and PCB 

analyses are considered acceptable for the water and sediment samples for 

the first sampling event. 

For samples collected from the second sampling event, results 

illustrated in Table 3-12 through 3-15 suggest that the analyses were 

again in control. The surrogate recoveries for the pesticides were 

within the advisory limits for the water and sediment samples. Surrogate 

recoveries were not available for the analyses of PCBs in water 01' 

sediment because the acid-cleaning procedures wab rrquirad for- these 

sampler due to matrix interferences. As was the case with the first 

sampling event, no pesticides or PCBs were detected in either the field 

blank or the laboratory blanks. The MS and MSD recoveries and RPDs for 

the pesticides were also all within QC limits, but the recoveries for the 

PCB MS and MSD samples exceeded the upper QC limit of 120%. This 

suggests that the reported PCB concentrations for the water and sediment 

samples would exhibit a positive bias. HW.WJer , since no PCBs were 
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detected in any of the samples from the second sampling event, these high 

recoveries are not indicative of any anllytirnl problem It is unclear 

whether these high recoveries were the result of spiking errors or final 

adjustment cr~ors. All other QC criteria, including adherence to holding 

times, were met for these sample analyses. 

The results for samples analy~ecl from the third sampling event also 

show that the analyses were in control. The samples were analyzed within 

prescribed holding times, and all preliminary QC criteria were met. A 

field blank was not collected during the third round of sampling, but 

laboratory blanks were analyzed and did not contain any pesticides or 

PCBs. As in in the analysis of samples from the previous sampling event, 

the surrogsrr and MS/MSD I-ecovrrirs for several water and sediment 

samples exceeded the QC limits for both the pesticides and PCBs. These 

high recoveries are indicative of a spiking or final adjustment error, 

but they do not compromise the data qualit-y since the results would be 

biased high and no pesticides or PCBs were detected in any of the 

samples The MS/MSD precision was very good with only two values 

slightly outside of the QC limits. 
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4.0 DATA EVALUATION AND CONCLUSIONS 

Rr~ultn discussed in Section 3.0 were evaluated with respect to 

various criteria and standards set forth by the U.S. Environmental 

Protection Agenry (EPA) The data was compared to criteria and standards 

to assess the degree of contamination and potential hazards to human 

health and/or the environment. The following section details our 

evaluation and summarizes our findings and conclusions. Results of EPA's 

Hazard Ranking System (HRS) assessment of the Bainbridgr NTC facility are 

also presented in this section. 

4.1 Applicable or Relevant and Auuropriate Reauircmrnts (ARARs) 

In July 1987, the EPA Office of Solid Waste and Emergency Response 

issued interim guidance on compliance with Applicable or Relevant and 

Appropriate R?quircments as they pertain to remedial actions under CERCLA 

(Superfund)(EPA, 1987d). The NTC Bainbridge facility is not a CERCLA 

facility, nonetheless, data collected as part of this investigation has 

been evaluated with respect to available ARARs to assess the extent and 

environmental impact of any detected contaminants. 

ARARs are EPA, state or federal guidelines, action lrvrls, 

standards, or Ilealth-based quality criteria that are either applicable at 

a given site or relevant and appropriate to a given site. These may 

include, but are not limited to, Federal Drinking Water Standards 

(Maximum Contaminant Levels [MCLs]), Clean Water Act Federal Water 

Quality Criteria Maximum Contaminant Level Goals (MCLC;s), and Clean Water 

Act Freshwater Acute (or Chronic) Toxicity Criteria. Where applicable, 

or relevant and appropriate, these criLrrid die prearllrrd with reference 

to analytical results obtained during this investigation. The most 

stringent AL&W. that is available is used for each detected constituent 

Additionally, for the purpose of determining "acceptable" target levels 

in water and sediment, EPA'S Draft RCRA Facility Investigation (RFI) 

Guidance Manual (EPA, 1987~) which contains health-based criteria for a 

large number of environmental toxicants in air, soil, and water is also 

used. These health-based criteria, subject to change by EPA, have been 



formulated from chronic health levels and are used at RCRA sites as a 

lneans to determine when corrective action may be required. 

4.2 6.15~ Landfill 

As noted earlier, ground-water, surface water, and sediment samples 

were collected and analyzed from wells and drainage ditch sampling points 

established ar the NTC BaixlbLidgr babe l*rldfill. During rllrrr separate 

sampling events conducted in March. May, and July 1988, all samples 

collected WOI'P analyzed for the presence of volatile organic compounds 

(VOCs) a"d organochlorine pesticides. Tables 4-la and 4-lb presents the 

maximun concentration of individual constituents detected in surface 

w‘iter, ground water, and stream sediment samples collected frown the 

vicirlity of the base landfill over the three sampling events. Also 

listed in Tables 4.la and 4.lb are the designated ARARs used to evaluate 

the detected constituents with established quality standards. 

When available, EPA's Maximum Contaminant Levels (MCLs) promulgated 

under the Safe Drinking Water Act and routinely referred to as the 

Federal Primary Drillking Water Standards, have been listed as the ARAR. 

These prew"tly exist for only a small number- of environmental 

toxicants. [EPA has also proposed MCLGs, or Maximum Contaminant Level 

Goals (formerly referred to as RMCLs), which are health-based guidelines 

*or some constituents that are recommended but not Federally enforceable 

for drinking water quality. When available for a detected compound in 

water at cht base landfill and when no NCL exists, MCLCs arc listed ns 

the ARAR.] Health based criteria for Systematic Toxicants as defined by 

FPA in the Dl-aft RCRA Facility Investigation (RFI) Guidance (EPA. 1987~) 

iire used as ARARs when no MCLs or MCLGs are available. With respect to 

sediment quality ARARs, criteria for the detected pesticides are 

presented in Table 4-l from three separate sources; EPA'S Draft RF1 

Guidance Manual (EPA, 1987~); Elaborization of Sediment Normalization 

Theory for Nonpolar Organic Chemicals (EPA, 1986a) and National 

Perspective on Sediment Quality (EPA, 1985). Lastly, Clean Water Act 

Freshwater Acute Criteria for Aquatic Life are presented as the ARAR when 
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TABLE 4-la 
Maximum Concentrations of Detected Contaminants from Ground-Water and 

Surface Water Samples Collected During the 
NTC Bainbridge Base Landfill Investigation, and 

the ARAF% Used in Evaluation 

Detected Compound 

Maximum 
Detected 

Concentration Sampling Point/ ARAR 
(i%/l) sampling Event C!G/l) 

Ground W.irPr (/J&L) 

voc ' s 
ACCtOIlC 

T1-a1ls-1,2-Dichloroethene 
Cllloroform 
Trichloroethene 
Benzenr 
TOlUeW 

1,ZDichlorobenzene 
Clll"i"brI*‘erle 
1,4-Dichlorobenzene 

18 
11 

1 
2 
3 
2 

16 
350 

3.8 

lGW-h/Event 3 NA 
lCW-S/Event 3 7oc 
lGW-Z/Event 3 4OOb; 100asd 
lGW-5/Evrnt 3 5a 
lGW-3/Event 3 5d 
lGW-3/Event 3 2,000= 
lGW-4/Event 3 620' 
lGW-3/Evrnt 2 l,OOOb; GO= 
lGW-3/Event 3 75a 

Surface Water &g/L) 

voc's 
Acetone 
T0lLElle 
Trichlorofluoromethene 

Pesticides 
Heptachlor eposide 
Al+ cl~lulda~~r 
Gamma chlordane 

15 lSW-l/Event 3 NA 
5 lSW-2/Evrnt 3 2,oooc 
4 lSW-2/Evrnt 3 10,000b 

0.20 lSW-l/Event 3 lb 
0.35 lSW-l/Even~ 3 zh 
0.22 lSW-l/Event 3 2b 

NA 
a 

b _ 

d 

Non Available 
Federal Register, 1987. National Primary Drinking Water Regulations 
Synthetic Organic Chemicals, Vol. 52, No. 130, Julv 8, 1987. 
Health Based Criteria for Systematic Toxicants in Table 8-7 Draft RCRA 
Facility Investigation Manual, Office of Solid Waste, EPA 53O/SW-87-001, 
July 1987 
Sate Drlnklng Water Act, Proposed Maximum Contaminant Level Goals (MCLG) 
[Formerly Recommended MCLs or RMCLs]. Federal Register Vol 50, No. 219, 
Nov. 13, 1985 
MCL is designated for trichloromethanes, of which chloroform is one. 
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TABLE 4-lb 
Maximum Concentrations of Detected Contaminants from Sediment Samples 
Collected Wlrine the NTC Bainhridge Base Landfill Investigation, and 

the ARARs Used in Evaluation 

Detected Compound 

Maximum 
Detected 

Concentration Sampling Point/ ARAR 
(rg/l) Sampling Event (WY1 1 

Sediment @g.kg) 

Pesticides 
Heptachlor 

4,4,-DDE 

4,4'-DDD 

4,4'-DDT 

Alpha chlordane 
Cnmo chlordnnc 

97 lSED-l/Event 2 20b; bOOa; 
604C 

180 lSED-l/Event 2 28,OOOb; 
46D,000c; 

77 
600a 

lSED-l/Event 3 600a; 
13,000b; 
111,oooc 

lSED-l/bvent 2 bUU3 ; 

gb; 18,500' 
lSED-l/Event 2 
lSED-l/Event 2 60a; 20b; 

334c 

360 

190 
350 

NA Non Available 
a Health Based Criteria for Systematic Toxicants in Table 8-7 Draft RCRA 

Facility Investigation Manual, Office of Solid Waste, EPA 53O/SW-87-001, July 
1987 

b Toxicant threshold contamination concentrations based upon organic cargon- 
waLel paLiLion coefficienrs. U.S. Envlronmrnral Pro~eccion Agency, 1985. 
National Perspective on Sediment Quality. Prepared by Batelle for U.S. EPA 
Criteria and Standards Division Under Contract No. 68-01-6986, May 10, 1985. 

c Permissible sediment contaminant concentrations based on octanol-water 
partition coefficients and Clean Water Act Acute Water Water Quality 
Criteria. U.S. Environmental Protection Agency, 1986a. Elaborization of 
Sediment Normalization Theory for Nonpolar Hydrophobia Organic Chemicals. 
Prepared by Envirosphere Co. for U.S. EPA Criteria and Standards Division, 
January 1986. 



none of tile previously stated ARARs are available for a pal-titular 

constituent. 

At the base landfill no pesticides were detected in ground-water 

samples. however, some volatile organic compounds were detected. As 

shown on Table 4-la, all of the maximum concentrations for the 

constituents detected fall below the ARAR with the exception of 

chlorobrnzenr (also, referred to as monochlorobenzenr). No ARAR is 

nvailnblr for acetone. The maximum concentration of acetone detected was 

18 /Ia. This low level is likely attributable to laboratory 

contamination. Acetone is a common laboratory chemical and is also a 

common label-atory contaminant. Typically, values of acetone at these low 

concentrations are used with reservation since they are known to be 

ubiquitous laboratory contaminants. In short, the levels at acetone 

detected do not suggest that water quality has been adversely impacted 

from the premcnce of thia compound in some samples. 

Chlorobenzene was detected in monitoring well lGW-3 during each of 

the three sampling events. with a maximum concentration ot 350 pg/L 

from the second event. This maximum concentration is below the 

1,000 pg/L ARAR established for water by EPA in the EPA Draft RFI 

Guidance Manual for "acceptable" levels at RCRA sites (i.e., levels below 

which corrective action will likely not be required) thJPvPI', tinder rhc 

Safe Drinking Water Act a maximum contaminant level goal [MCLG] 

(non-enforceable for drinking water) has been proposed for chlorobenzene 

by EPA at R concentration of 60 @g/L for drinking water. As such, 

the maximum detected concentrations of chlorobenzene in well lGW-3, as 

wrll as well lGW-5, exceed the MCLG. It should be noti-d that these two 

wells do not serve as potable supply wells and the closrst well 

downgradient from the landfill that is used for domestic supply exists in 

the town of Port Deposit, approximately l/2 mile to the south. From this 

investigation it cannot be determined if chlorobenzene has migrated XI 

ground water to a point outside of the base boundaries at a concentration 

level in ~HCCSS of the MCLC. Furthcrmorc, MCLGs arc rccommrnded levels 
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for drinking water and in most instances to date, EPA has established a 

final MCL that is not as stringent as the MCLG. No MCL for chlorobenzene 

has yet been proposed or promulgated by EPA. Due to the complex nature 

of ground-water flow via bedrock fractures in the Port Deposit Formation 

it is difficult to assess the liklihood that chlorobenzrne may have 

already or will potentially migrate in ground-water to receptor points 

outside of facility boundaries. It's presence primarily in well lGW-3 

and to a lesser extent in well lGW-5 may suggest a more localized source. 

Ijells lGV-3 and lGW-5 are located in proximity to the City of Port 

Deposit's potable water supply tank reservoir. This aboveground storage 

supply is liot in any way impacted by contaminated ground water that may 

exist beneath it. This storage tank is entirely supplied by Susquehanna 

Rim-l- surface water that is pumped fl-om all intake port locatrd in the 

river upstream of the town of Port Deposit. 

In the vicinity ot the base Landtill. two surtace water stations 

were established to monitor water quality around the landfill (see 

rigurr 2-l). These samples were analyzed for the presence of volatile 

organic compounds and orgnnochlorine pesticides. As shown in Table 4-1, 

low conrent?-nrionc: of three volatile orpnic compo~md~ 2nd rhree 

pesticides were detected in samples. The values shown in Table 4-l 

represent the maximum levels of those constituents detected across the 

three sampling events. The maximum concentrations of all the detected 

compounds were all detected during the third sampling event. This is 

consistent with the very low flow conditions at the base landfill surface 

water sampling points during this time of year (July). During higher 

flow conditions, these compounds were not detected at all. 

Toluene and trichlorofluoromethane were quantified in surface water 

samples all below the available ARARs. Acetone, for which there exists 

no available ARAR, quantified at a maximum concentration of 15 pg/L 

and this detection is likely the result of laboratory contamination. The 

three pesticides, only detected in sampling event three. were all from 

the upgradient sampling location and all were quantified below 
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0.5 /Ig/L. Tlwse levels are below the listed ARAR, as described in 

the EPA Draft RF1 guidance manual health-based criteria for water quality 

(EPA, 1987~). 

Scream sediments were collected at the same locations as surface 

water samplrs during each of the three sampling events at the base 

landfill. No volatile organic compounds were detected in any of the 

sediments samples during any of the monitoring events. Six 

organochlorine pesticides were detected from sampling location lSED-1 as 

shown on Table 4-1. The highest concentrations were generally 

encountered during the second sampling event. The pesticides 4,4'-DDT 

and gamma chlordane were the two most prominent compounds detected in 

sediments from lSED-1. To evaluate the level of contamination of these 

pesticides. AKAKs were obtained from the EPA Drait RF1 Guidance Manual 

for environmental toxicants in soils (EPA, 1987~1, the National 

Prrsprctivc on Sediment Quality (CPA, 1985). and Elaborizotion of 

Sediment Normalization Theory for Nonpolar Hydrophobic Organic Chemicals 

(EPA. 19Rhn) No FPA enforcement criteria has heen promlllented 

specifically for levels of contaminants in stream sediments. Total 

chlordane. heptachlor, and 4,4-DDT were detected in sediments in 

concentrations in excess of the most stringent MAR listed in Table 4-lb 

Torn1 chlordnne in the sediment samples from lSED-1 obtained from 

the second sampling went (540 gg/L) exceeded each of the three ARARs 

present for soil which are established at 60 pg/kg, 20 pg/kg, and 

334 fig/kg (Table 4-l). The maximum heptachlor concentration detected 

in sediments (0.97 pg/kg) exceeded the Toxicant threshold 

contamination concentrations set forth in the U.S. EPA National 

Persprctiv? on Sediment Quality (20 pg/kg) [U.S. EPA, lY85]. 

Likewise, the maximum detected concentration of 4,4-DDT (360 pg/kg) 

exceeded the threshold contaminant concentration established for that 

compound (6 @g/kg) in the same document. These threshold 

concentrations were derived ftom organic carbon-water partition 

coefficients. 
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The presence of these pesticides in stream sediments at location 

lSED-1 indicates that transport via surface runoff or ground water has 

taken place from the upgradient area of the landfill. As the aqueous 

solubilitirs of these compounds are quite low, transport by ground-water 

is considered minimal, and the most likely mode of transport is believed 

to be pesticide-bound fine-grained sediments that are transported to the 

drainage via surtace runoti. 

In evaluating the degree of environmental impact from the presence 

of these prsticides in the eastern drainage of the landfill, the DDT 

metabolitrs (4,4,-DDE, 4,4'-DDT, and 4,4'-DDD), the two chlordane isomers 

(alpha and gnmm.l), and heptachlor, it 1s unportant to consider a number 

of f,itr <ilId rransport factcal-s. Sediment pesticide conce~nr~ations should 

bt rcvicwrd nlongsidc thr aqueous concentrations dctcctrd from the 

identic‘il sampling points. In this comparison, it can be seen that 

during typical base flow conditions, like those encountered during the 

first two sampling events, no detectable levels of these compounds are 

found in the surface water as a result of the low aqueous solubilities of 

the compounds and the level of dilution. Again, no pesticides were 

detected in the downstream surface water sample during any of the 

sampling r\'rnts. The other means of downstream migration of pesticides 

is via sediment transport within the drainage. ChlorQne nor heptachlor 

was not detected in any of the samples collected from the downstream 

sediment location at the southeastern end of the NTC Bainbridge property 

(lSED-Lj, alrhough low concenrrarions of DDT merabolires were derecred in 

samples from lSED-2, particularly during the first sampling event. This 

result confirms that Pesticides bound to Particulates will, and have, 

moved downgradient in the eastern drainage at the base landfill. 

Nonetheless. the sediment pesticide levels downgradient arc all below the 

ARAR for soils/sediments. It should be noted that EPA Region III has 

used ARARs for DDT as high as 300 mg/kg for soil cleanup at some 

Superfund sites (Mr. Bruce Molholt, U.S. EPA Region III, personal 

communication, September 20, 1988). The levels detected here are well 

below 1 m&kg. 
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It is probable that pesticides will continue to be transported along 

this eastern landfill drainage rollrc via both sediment and to a lesser 

degree, surface water. HOWeVer, it appears to be unlikely that water 

quality will be impacted to the point where pesticide concentrations in 

water will exceed any EPA water quality criteria due to both the low 

sediment pesticide concentrations (< 1 ppm) and the low aqueous 

solubilitirs of the pesticides detected. A significant unknown regarding 

continued landfill releases of pesticides does exist. h'r cannot 

ascertain whether the Imajority of the pesticide source continues to 

remain at the landfill, has been flushed from the soils since the dumping 

in the lntz lY/U's, or resides 1" the subsurface ar: an intrrmediaw point 

between the landfill and local drainage routes. This difficulty is 

principallv due to the unknown state of the prsticide SOURCE and the 

variabilitv of the bedrock fracture system that controls ground-water 

flow Sinct no pesticides were detected in any of the downgradient 

ground water monitoring wells, the most likely scenario is that 

sediment-bound concentrations of pesticides in the eastern drainage and 

landfill soils, represent the majority of the remaining pesticide 

source. Therefore, due to the low solubilities and relatively low 

sediment concentrations, measured surface water concentrations of 

pesticides are either very low or non-detectable. 

4.3 Oil Separator Pit 

Ground-water. surface water. and sediment samples were collected 

during three separate sampling events, in March, May, and July 1988, and 

analyzed for oil and grease content, lead, volatile organic compound 

(VOCs) and polychlorinated biphenyls (PCBs). Tables 4.?a and 4-2b 

present the maximum concentration of individual constituents detected in 

surface water, ground-water, and stream sediment samples collected from 

the vicinity of the oil separator pit over the three sampling events. 

Also listed in Tables 4-2a and 4-2b are the designated ARARs used to 

compare the detected constituents with established quality standards. 

When available, EPA's Maxiuua Currta!inarrd Levels (MCLs) promulgated 
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TABLE 4-2a 
Maximum Concentrations of Detected Contaminants from Ground-Water and 

Surface Water Samples Collecwd During 
the NTC Bainbridge Oil Separator Pit Investigation, and 

the ARARs Used in Evaluation 

Maximum 
Detected Sampling Point/ ARAR 

Concentration Sampling Event (fig/L) 

Acetone 
Carbon Disulfide 
l‘rn~ls-1,2-ulchlorortl~ene 
Triclrlororthene 

16 
1 

10 
7 

l,l.~.?~Tetruchloro‘thonc 1 
Trichlo~ofluoromethane 5 

5.8 

1.69 

Oil 6 i:rense (ma/L) 

14 2SW-3/Event 3 

39 2SW-2/Event 2 

3.19 2SW-?/Fwnt 3 

2GW-3/Event 3 
PGW-h/Event 3 
ZGW-4/Everti 3 
2GW-Z/Event 2 
ZGW-4/Event 2 
ZCW-4/E\rent 3 
2GW-L/Event 2 

2GW-4/Event 3 

ZGW-3/Event 1 

NA 
4,ooob 
70d 
5= 

2,hnnc 
4,ooob 

50e 

5.0 (mg/L)f 

NA 

50= 

5.0 (mg/L)f 
15 (mg/L)g 

NA . 
= . 

b . 

e . 

f 

g 

Non Available 
Federal Register, 1987. National Primary Drinking Water Regulations- 
Synthetic Organic Chemicals, Vol. 52, No. 130, July 8, 1987. 
Health Based Criteria for Systematic Toxicants In 'Iable 8-7 IJraft RCRA 
Facility Investigation Manual, Office of Solid Waste, EPA 530/SW-87-001, 
July 1987. 
Clean water AC‘, Fresll Wdtrl Acute Criteria for Aquatic Life, Table 8-8 in 
Investigation Manual, Office of Solid Waste. EPA 53O/SW-87-001, July 1987. 
Safe Drinking Water Act, Proposed Maximum Contaminant Level Goals (MCLG) 
[Formerly Recommended MCLs or RMCLs], Federal Register Vol 50. No. 219, 
Nov. 13, 1985. 
Federal Register, 1985. Final MCLs for Inorganic Chemicals and MCLGs for 
Organic Chemicals, Vol. 50, No. 219. November 13, 1985. 
Water Quality Standards. Florida Department of Environmental Regulation, 
State Code 17-3.061(3)Kl, September 12, 1985. 
Federal Register, NPDES Effluent Limitations for Contaminant Runoff, 
40 CFR 419.12(e)l, July 1, lYB/. 
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TABLE 4-Zb 
Maximum Concentrations of Detected Contaminants tram Sediment Samples 

Collected During the NTC Bninbridge Oil Separator Pit Invertigation, and 
the AF!ARs Used in Evaluation 

Detected Compound 

Maximum 
Detected Sampling Point/ ARAR 

Concentration Sampling Event (/G/L) 

Sediment (pg/kg) 

m 
TOllXl~? 

1-Ethyl-3.Methyl Benzene 

Lend 

Oil b Crrnsr (m&L) 

4 ZSED-Z/Event 2 400a 
1 ZSED-l/Event 3 NA 

lb7 2SED-9/Fvenr 7 NA 

123,000 2SED-2,'Evrnt 1 NA 

NA Non Available 
a _ Health Based Criteria for Systematic Toxicants, Table 8-7 Draft RCRA 

.Facility Investigation Manual, Office oi Solid Waste, EPA >3O/SW-87-OUl, 

Julv 1987. 
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under the Safe Drinking Water Act and routinely referred to as the 

Federal Primary Drinking Wrrrer Standards, have been listed as the ARAR. 

These presently exist for only a small number of environmental 

toxicants. EPA has also proposed MCLGs or Maximum Contaminant Level 

Goals (formerly referred to as RMCLs) which are health-based guidelines 

for some constituents that are recommended by EPA but not Federally 

enforceable for drinking water supply. When available for a detected 

compound in water at the oil separator pit, and when no MCL exists, MCLGs 

are listed AS the ARAR. Health-based criteria for Systematic Toxicants 

as defined by EPA in the Draft RCRA Facility Investigation (RFI) Guidance 

(EPA, 1987~) are used a6 ARARs when no MCLs or MCLGs air dvriildblr. 

Clean Water Act Freshwater Acute Criteria for Aquatic Life are presented 

his the AFAR when none of the previously stated ARARs arc available for a 

particulul- constituent. 

At the oil separator pit, no polychlorinilt~d biphr~~yls (PCBs) were 

detected in any sampling event in either ground-water, surface water, or 

scdimcnt snmples. 

In ground-water samples collected from the five monitoring wells 

installed around the oil separator piL, sever*1 vuldrilc orgilnic 

compounds (VOCs) were detected at low concentrations, all below 

20 /r&L. The only VOC that exceeded an AFZ+R is trichlororthene 

(TCE). TCE was quantified in monitoring wells 2GW-2 and 2GW-4 at a 

concentration of 7 ug/L during the second sampling event. This just 

exceeds the MCL established for drinking water of 5 pg/L. 

Nonetheless, since water from these 2 wells is not used for potable water 

supply and the fact that TCE levels slightly exceeded the ARAR in only 

one of 3 sampling events, suggests that ground-water is only minimally 

impacted by VOCs emanating from the oil separator pit via ground-water. 

Oil and grease content, as well as lead concentrations were 

determined from ground-water samples. Oil and grease content in 

ground-water did not show any discernable variations across all wells and 

sampling events, including the background monitoring well 2GW-1. This 
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fact, along with low VOC concentrations, indicates that ground-water in 

the vicinitv of the oil separator pit does not presentlv contain any 

significant amounts of petroleum products that may have been released 

from the unliwd separator pit. EPA has not promulgated any ARARs for 

oil and grease content in water samples, "or has the State of Maryland. 

The ARAR used to evaluate oil and grease content in ground water is the 

water qudlity standard pronlulgated by the Florida Departmrr~t of 

Enx~iro"mz"t~~l Regulatio" (DER) for surface water quality. The Florida 

"i2.K enforcrablr 011 an* grease content ce111ng 1s ,." I"g,L. None of the 

ground-wnt+r samples taken from the wells installed at the oil separator 

pit yielded oil and grease content greater than 1.7 m&L. 

Lead iins detrctcd in two of the ground-water lnonitoritlg wells, 2CW-2 

and Z(.li-4 during the third sampling event. AS Illustrated on Table 4-2, 

the concr"trntions detected (5.5 pg/L and 5.8 rg/L, respectively) 

ax-e below tht MCL of 50 p&L established for drinking water quality. 

Surface water samples were collected from three locations around the 

oil separator pit during each of rhe 3 sampling events. No VUCs were 

detected in any samples, with the single exception of 14 rg/L acetone 

from station ZSW-3 during the third event. As noted earlier, rlcctonc is 

a common laboratory contaminant and its detection at this low level in 

the sample is likely related to laboratory introduction. No PCBs were 

detected in any surface water sample. Lead was quantified from sampling 

station 2SW-2 at 39 pg/L during the second sampling event. This is 

below the MCL of 50 pg/L used as the ARAR in this evaluation. 

Samplitig location 2SW-2 receives drainage directly from the oil 

separator pit and would be expected to contain the highest concentrations 

of the three oil separator pit surface water stations of any petroleum 

constituents released. This surface water station did yield the highest 

oil and grease content, 3.19 mg/L during the third (low flow conditions) 

sampling event. It is likely that various petroleum constituents not 

present in the VOC fraction (i.e., PAHs - polynuclear aromatic 

hydrocarbons), are present in the water sample in low concentrations 
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which accounts for this higher oil and grease content. Sampling station 

2SW-2 is located approximately 50 feet downgradient from the oil 

separator pit drainage outflow pipe. The ARAR used to evaluate oil and 

grease content in surface water is the water quality standard promulgated 

by the Florida DER. The Florida DER enforceable oil and grease content 

ceiling for surface waters is 5.0 m&L. None of the surface water 

samplrs collected in the vicinity of the oil separator pit exceeded this 

AP.AR. The State of Maryland has not established water quality criteria 

for oil and grease content in surface waters. EPA, under NPDES permit 

requiremrnts, has established an effluent limitation of contaminated 

runoff of. 1> lug/L for 011 and ,qease (4U CFK 4lY,lZ(e)l). The oil and 

grease calrent determined in water samples from location 2SW-2, which 

rcccivco direct dischnrgi from the oil separaror pit, were for below the 

NPDES discharge limitation for contaminated runoff. 

Stream sediments were obtained from two locations along Happy Valley 

Creek (lSED-1 and lSED-3) and one from the drainage ditch leading 

directly from the oil separator pit to Happy Valley Creek (ISED-2). 

These sediment sampling locations coincide with the three surface water 

sampling locations at the oil separator pit. Two VOCs were deterred in 

sediment samples, toluene and 1-ethyl-3-methyl benzene ar concentrations 

below 5 pg/L (Table 4-2b). Toluene is below the listed ARAR and 

I-ethyl-3.methyl benzene is a tentatively identified VOC (i.e., it's not 

a routinely monitored constituent) with a" estimated concentration of 

1 pg/L from the upgradient sediment location, lSED-1. No State or 

Federal ARAR was identified for this compound, nonetheless its presence 

just above detection limits suggests minimal contamination. 

Lead and oil and grease content were notably high in the sediment 

sample from sampling location ZSED-2. Lead was quantified at 147 m&kg 

in the second sampling event, and oil and grease content was measured at 

123 mg/kg during the first sampling event. Again, sampling location 

ZSED-2 lies along the drainage leading from the oil separator pit to 

Happy Vallry Clerk (see Figure 2-8). As such, ir would be expecred co 

-ill- 



yield the highest levels of these indicators of petrolru~~ releases. 

Concentrations of lead and oil and grease were substantially lower in 

USED-3, located in Happy Valley Creek a few hundred feet downgradient of 

the confluence of the drainage ditch and the Creek. The sediments from 

the drainage ditch did have a dark oily appearance during sampling 

whereas, sediment samples from the other two sediment sampling locations 

did not lravr this color. It 1s likely that petroleum products were once 

released ro this drainage ditch from the oil separator pit during 

facility operations. Nonetheless, the fact that present day surface 

water quality has been only slightly impacted from previous releases 

suggests that remaining oil fractions (i.e., semivolatile constituents) 

may be prrsrnt in sediments along the drainage ditch and account for the 

relatively high oil and grease content. These heavier organic compounds 

are not particularly volatile, soluble, or mobile in the environment and 

their presence in sediments should not pose any imminent environmental 

risks. Ultimately, most of those compounds will undergo in situ 

biodegradation. 

In summary, results of the sampling and analysis investigation at 

the oil separator pit indicates only minor releases of potentially 

hazardous constituents at levels in most cases below acceptable ARARs. 

The beginning of the drainage ditch leading from the oil separator pit to 

Happy Valley Creek appears to be the most impacted area. although even 

hare only minimal contamination was quantified. Ground water and surface 

wades do IKJL appear LO be adversely aftecwd from the presence of rhe oil 

separator pit. 

4.4 Haxnrd Rnnkina Score 

Appendix C contains a Hazard Ranking Score (HRS) for NTC 

Bainhridgr. The HRS evaluates the environmental hazard potential for the 

landfill area as a result of observed local ground-water and surface 

water contamination resulting from pesticide burial at the landfill. The 

oil separator pit area was not evaluated under the HRS because no 

significant contamination was detected to br mi~xati~Lg TLUU tlrr dyed, d,uJ 
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the only known waste product disposed at the pit was furl oil, which is 

not scorrnble under current HRS guidelines. 

The migration pathways of concern at the base landfill are ground 

water and surface water, which both Produced a score in the HRS model due 

to observed releases of contaminants and the proximity of drinking water 

wells and a surface water intake (within a Smile radius) to the 

landfill. Air contamination, fire and explosion potential, and risk of 

direct human contact with hazardous materials are not of concern at this 

particular site. The overall HRS score for the NTC Bainbridge is 35.03, 

a significant score relative to the cutoff value of 28.5 for placement on 

the National Priorities List. However, several factors lnay affect the 

accuracy of this score. 

The primary migration pathway of concern, ground water, contributed 

to the high score due to observed contamination in monitoring wells lGW-3 

and lGW-5. However, there is no present data which indicates that 

contaminants have migrated further downgradient to the populated area of 

Port uepos1t. Furfhermore, all residents of Port Deposit and the Job 

Corps Center are presently served by a public water supply, and no wells 

within the city limits (downgradient from landfill) are currently used 

for drinking water purposes. The proximity of a residential drinking 

water well (approximately 600 feet) to the lnndfill also contributed to 

the high ground-water score based on the considerations of the HRS 

model. However, this well is located side-gradient to the landfill, 

across State Route 276, and does not appear to be along the ground-water 

flow path exiting the landfill. In addition, the vast majority of the 

total population served hy ground-water within a 3-mile radius from the 

landfill (4.283 persons estimated) reside and USC domestic supply wells 

located upgradient from the landfill. 

The second pathway of concern, surface water, also contributed to 

the high overall score due, in part, to observed contamination in the 

sediments of the drainage stream located along the eastern portion of the 

landfill study area. As with the ground-water route, however, no data 
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prrsentl\r exists which suggests that contaminants have migrated to 

pop"lnted areas. A second contributing factor to the surface wafer score 

is the location of a surface water (potable water supply) intake within a 

X-mile radius from the landfill. The intake is located in the 

Susquehanna River at a point approximately 0.9 miles downgradient from 

the landfill, and provides drinking water for the residents of Port 

Deposit and the Job Corps Center. HLX+Wei-, the intake is located 

upstream from the town of Port Deposit and the NTC Bainbridge facility. 

No evidence suggests that contaminants emanating from the base landfill 

have rrachrd the Susquehanna River. 

Appendix C includes all calculations and assumptions used for 

developing the HRS, including all references cited. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

This section outlines the primary conclusions drawn from the 

hydrogcologic and chemical investigations at the two former disposal 

sites at the NTC Bainbridge facility. The two sites are referred to as 

the base landfill and the firefighting training area/oil separator pit. 

For this investigation comprehensive monitoring systems were established 

at each site to assess the degree of contamination in ground water, 

surface water, and stream sediments. At the base landfill, five 

ground-water monitoring wells were installed and two surface 

water/sediment sampling stations were established. At the oil separator 

pit five ground-water monitoring wells wcrc insrallcd and three surface 

watel-/sediment sampling stations were established. Sampling and analyses 

of each well/station for each of the two NTC Bainbridge sites took place 

over three independent sampling events in March, May, and July 1988, 

respectively. The following outlines Versar's principal findings and 

recommendations from the hydrogeologic investigation and 

sampling/analysis activities at the base landfill and oil separator pit 

at NTC Bainbridge. 

5.1 Base Landfill 

Conclusions 

. The five ground-water monitoring wells inscalled ar. rhe base 
landfill adequately monitor the upper fractured zone of the 
bedrock aquifer in the vicinity of the landfill. 

. Ground-water flow is towards the south-southeast at the base 
landfill. 

. Monitoring well lGW-3 along the western boundary of the 
landfill yielded the highest level of contamination of all the 
monitoring wells. This is principally due to the presence of 
chlorobenzene. Chlorobenzene concentrations exceeded the most 
stringent ARAR, the maximum contaminant level goal (MCLG) 
established under the Safe Drinking Water Act. 

. Low levels of a number of volatile organic compounds (VOCs) 
were detected in ground-water samples from downgradient 
monitoring Wells lGW-3, lGW-5, and lGW-4. With the exception of 
chlorobenzrne, all were below established ARARs. 
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. No organochlorine pesticides were detected in alw ground-water 
samples. 

l Low concentrations of a few pesticides were detected in surface 
water samples. All the pesticides detected were quantified below 
1 pg/L from R qinele sample during the third sampling event 
only. No pesticides were detected in any downgradient samples. 
This coincides with low base flow conditions in the intermittent 
drainage during the third sampling event in July. During the 
pl-ior sampling events when base flow was greater. no pesticides 
wre detected a? either surface water station. 

. No volatile "rganlc compounds were dececced in anv stream 
sediment sample. 

. Thurr pesticides were quantified in scdimcnt onmples from 
upgradient station lSED-1: heptachlor, DDT, and chlordane. MOl-I? 
specifically, the three DDT metabolites [4,4,-DDE: 4,4'-DDT: 
4,i'-DDD] were all detected as were the two chlordanc isomers. 
<ilpha and gamma. Ouly total chlordane exceeded the ARAR for 
boils established by EPA for their Draft RCRA RF1 Guidance of 
soil concentrations above which corrective action may be required 

. Although concentrations of total DDT and total chlordane were 
elevated in sediments from location lSED-1. aqueous 
concentrations in surface wawr were einher non-derecrable "I 
below 0.5 @g/L. This suggests that the partitioning of 
pesticides from soil t" water is minimal. Sediments downgradient 
did not contain significant concentrations of pesticides, that 
is, only the DDT metnbolites were detected at location lSED-2. 
Transport of pesticides appears t" be controlled by 
pesticide-bound particulates and exposure risks are limited. 

Rrcommendati "ns 

. Periodic ground-water and surface water quality monitoring for 
pesticides and volatile organic compounds t" determine if levels 
of contamination are changing over time. 

. Installation and sampling of additional ground-water monitoring 
~-11s (approximately 3) t" determine if off-site Imigration of 
detected contaminants via ground-water has occurred. 

5.2 Oil Separator Pit 

Conclusions 

l The five ground-water monitoring wells installed at the oil 
separator pit adequately monitor the upper tractured z"ne of the 
bedrock aquifer in the vicinity of the oil separator pit. 
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Monitoring well ZGW-3, installed adjacent to the red barn, 
(Building 53), appears to lie in a former drainage channel that 
wad filled with alluvial sediments. Bedrock was not encountered 
during the drilling of this well. 

No sienifiranr contamination was detected in any monitoring 
well at the oil separator pit. That is, no constituent exceeded 
drinking water standards or the available ARAR with the exception 
of trichloroethene (TCE) which was quantified at 7 ppb, thereby 
exceeding the MCL by 2 ppb. This level of TCE occurred in only a 
single sampling event. 

NO polychlorlnnted biphenyl's (PCBs) were derecrrd in arly 
ground-water, surface water, or sediment sample collected at the 
oil separator pit. 

Lead concentrations did not exceed Federal drinking water 
standards (MCLs) in any ground-water or surface water sample. 
The MCL was the ARAR used in data evaluation. 

Volatile organic compound (VOC) levels in surface water samples 
and stream sediment samples were very low, in all cases below the 
ARAR. 

Sediment sample 2SED-2 yielded substantially high oil and 
grease concenrrarions. This sample luC*tion is situated along a 
drainage ditch leading directly from the oil separator pit to 
Happy Valley Creek. This drainage ditch continues to receive 
outflow from the pit. Since levels of VOCs were low in the 
2SED-2 sample, it is hypothesized that the oil and grease content 
reflects the presence of non-volatile organic compounds. 
specifically PAHs (polynuclear aromatic hydrocarbons) not 
analyzed during this investigation. 

Recommendations 

. Due to the high oil and grease content in the drainage ditch 
connecting the oil separator pit with Happy Valley Creek 
(2SED-Z), any raurdi~l activities associated with the oil pit 
should include this drainage as well. 

. <‘round water and surface water in th@ vicinity of the oil 
separator pit should be tested for the presence of PAHs 
(polynuclear aromatic hydrocarbons) to confirln that these 
relatively insoluble compounds are not adversely effecting water 
quality. 
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APPENDIX A 

WELL LOGS, WELL NARRATIVES, AND 
STATE OF MARYL.4ND WELL COMPLETION REPORTS 



Well Installation Narrative 

Project: Bainbridge Naval Training Center (NTC) 
Well: lGW-1 
Date: February 1 3, 1988 
Observer: Jeff Flanzenbaum, hydrogeologist 

Monitoring well lGW1 was installed topographically and hydraulically 

upgradient of the Bainbridge NTC base landfill (Figure 2-l). The original 

agreed upon well position, approximately 200 fret south of the final 

location of lGW-1, was moved prior to drilling because it was felt that 

this original location was too close to the periphery of the landfill. AB 

such, this well location was moved further upgradient to assure background 

hydrological and chemical conditions for the ground-water around the 

landfill. This new location was agreed to by the EIC. 

Monitoring well IGW-1 waq drilled ro a depth of 2L feet hefore auger 

refusal occurred. Split-spoon samples were collected at 5-foot intervals 

in these unconsolidated sediments. Auger flights removed and air hammer 

drilling through the open borehole proceeded to 45 feet below land 

surface. Ground-water was encountered in the fine-grained silty and 

micaceous saprolite at 37 feet. To facilitate drilling at this hole, 8 oz 

of the drilling surfactant, Quik-Foam (N.L. Bariod), was added to remove 

cuttings. [After careful review of product specifications, the use of 

Quik-Foam was proposed as a means to assist the drilling operations in 

removing cuttings. Qulk-Foam h a~ been env1ronmenCally tested by the 

manufacturer and shown to contain only one compound (in low 

conccntrarions) that could porcnrially impact Priority Pollutant analyses, 

polyacrylamide. This compound was not anticipated to be of concern at 

this location.1 At a depth of 48 feet. the borehole was purged, by air. 

for approximately 50 minutes to clear out sediments and remove residual 

Quik-Foam. The hole would still undergo development after the well was 

installed. 



Rainhridee Naval Training Center 
Well Installation Narrative 
Monitoring Well KU-1 
February 1 - 3, 1988 
Page Two 

A L-inch ID Schedule 40 PVC monitoring well was installed at this 

location. A lo-foot screen zone (.OlO-inch slotted) was set from 

36.5-46.5 below ground surface and was attached (flush-threaded) to 

18 feer of L-inch ID Schedule 40 PVC riser pipe. Sand (No. 2) was placed 

in the annulus around the screen to approximately two feet above the 

screen A 2 5 foot l/4-inch hentonite pellet seal was emplared above the 

sand pack. Using a cremie-tube, a 5% bentonite/cement slurry was placed 

in the remaining annulus to three feet below ground surface. 

After the grout and seal was allowed to set, a 5.foot long 6-inch by 

6-inch locking protector casing was cemented in over the well and was 

surrounded by a 5-foot by 5-foot square concrete pad with a steel bumper 

post at each corner. The well casing, protector casing, and concrete pad 

were surveyed relative to sea level on March 4, 1988 using a U.S.G.S. 

bench mark as a reference point. To facilitate identification, the well 

protector Casing was psinced inCernaciOna1 orange and a Staw of Maryland 

well permit tag [permit number CE-81-3607) was affixed to the protector 

casing. 

On March 1, 1988, the well was developed by pumping and surging with 

a submersible pump. Approximately 400 gallons of water was purged from 

the well and discharged a minimum of 25 feet downgradient of the well. In 

situ measurements of pH, specific conductance, and temperature were 

monitored and recorded periodically. Development continued until there in 

situ parameters had stabilized, and water clarity remained constant. 



WemarK WELL CONSTRUCTION RECORD 

PROJECT: %~+-;&A ,dTC 

OCATION: ‘bqs o’--+‘+~\ 
IELL NUMBER: Lbul- 1 

JOB NUMBER 5obS. 3. b 

GROUND ELEVATION: (CmmM %A =-I= ‘2 o 
-WELL CASING ELEVATION. zqb. 37 

_ PROTECTOR CASING ELEVATION: 24 b. -f 7 

-I LOCATION SKETCH 

OATE INSTALLED: 2-3-88 
FIELD REPRESENTATIVE: k-F +ma=reern 
DRILLING CONTRACTCR: +kAn 1 fluhr 
DRILLER: &+- bfQro UCENSE NO. =)36 
DR,LLlNG MET,-,OD: it-B-Z =.+=-Cc.-- t F):C h,--oC’ 

RIG TYPE: m .k..:\C ‘bb\ u 

CONDITION OF GROUND SURFACE: ;rbdsT 1 *r*5s‘L 
FORMATION SCREENED: %91d’.:k ! hi&- 

BIT TYPE 
HOLE END 
DIA. DEPTH* 
(IN.) (FT.) 

FLUID 
TYPE 

PROTECTOR, CASING & SCREEN RECORD 

COMPLETION MATERIALS RECORD 

B 
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:. m 
g* 

k 

* 2 5qmi ‘s3secc -34’ 47.1’ 

TlMF LOG . . ..- 

ACTIVITY DATE START END 
DRILLING 21 lS4S ,700 

+z oy,o .j ,700 

+3 ogso ,OSO 
cnslNG\‘-- 
-\ 213 18 50 **so 

GROUND WATER LEVELS 

DURING DRILLING: 

WELL DEVELOPMENT 



WELL CONSTRUCTION DIAGRAM 

-hJECT: -&d&r: A-r& 
:ATION. “disc- t-q&~\ 

..;LL NUMBER: 16d- 1 
DATE INSTALLED: z-3-ee 

JOB NUMBER: sobs. 3. b 

ELEVATION: E9b. 61 

&ASING 0 PROTECTOR CASING 
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LOCKIiG WELL CAP 

t 
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1 
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II 

cl 
STICK-UP 
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rl 

PACK 
TYPE 

FILTER 
PACK 

LENGTI 

(FT) 

3 

PROTECTOR 
CASING DESCRIPTION 

WELL C*SIND ANcl 
CAP TYPE 

t 

GROUND SURFACE 

m *IDEPTH 

HOLE 

57. w\+msn’.k we,,+ GROUT TYPE 

SLOT 

OPENING 

(IN) 

OPEN OR 
SLOTTED 
LENCdT” 

FT) 

BLANK 
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PROJECT: cB<.dx:&+ A-rL 

LOCATION: -45c L-n&\\ 
BOREHOLE NUMBER: L-G*- L 
DATE DRILLED. +blaa - =/SIB0 
FIELD REPRESENTATIVE: t&i -%n=n+=um 
DRILLING CONTRACTOR: +t.c-Gn ! ?-hk+- ,. . 

GEOLOGIC LOG 

JOB NUMBER: 506s. 3.6 

DRILLER: r-N* L4r4’o 
DRILLING METHOD: H .\\..A s aJ@t L&r u*nmu 
,.,OLE DIAMETER: I+‘* C 24’ //-J+” 4.. 4e’ Cb 
GROUND ELEVATION: (C~WC d Zbb. 37 

CONDITION OF GROUND SURFACE: h~SS-4 1 ~,a& COMM,E,,TS: Cik .&%f+ %kQ.i.+. 
ci\ tMA-y, m-l&. 

!i 
2 

SAMPLE DESCRIPTION 

(SOIL OR ROCK TYPE, COLOR, GRAIN SIZE, SORTING, 
ROUNDNESS, PLASTICITY, MOISTURE CONTENT, TRACE 

MATERIALS, ODOR, STAINING, TRACE GAS READINGS) 

, 

PAGE 3 OP4 
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#iwwmQG 
PROJECT: fi&nbr: A- Kn--- 
LOCATION. F4.e.c bn &I\ 

BOREHOLEIWELL NUMBER. &.~ubl 
DATE LOGGED: 2. I 00 - 21% a0 

GEOLOGIC LOG 

JOB NUMBER: 5oocs.r. (. 

SAMPLE DESCRIPTION 

(SOIL OR ROCK TYPE, COLOR, GRAIN SIZE, SORTING 
ROUNDNESS, PLASTICITY, MOISTURE CONTENT, TRA 

MATERIALS, ODOR, STAINING, TRACE GAS READING 
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‘-HIS NUMBER IS TO BE PUNCWED 
I COLS 36 ON ALL CARDS) I COLS 36 ON ALL CARDS) 

” * L ;- t 21 

I- 

,“CF “SC UN&l, L , 
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Well Installation Narrative 

Projccr: Boinbridge Naval Training Center (NTC) 
Well: lGW-2 
Date : February 8 - 10, 1988 
Observer: Timothy J. Baker. Hydrogeologist 

Monitoring well lGW-2 was installed along the northwest perimeter of 

the landfill as shown in Figure 2-1. Access to the location is through 

Gate NO. 9 along Scare RouKe 276. The well is locaced approxlmavzly 

30 feet inside the locked gate. The well was drilled by advancing 8" 

hollow-stem augers until refusal occurred in saprolite at 20 feet. Split 

spoon samples were collected at five foot intervals in the overburden. 

Saturated conditions were encountered at 13.5 feet while augering in silts 

and sands. This probably represents a perched water table above the 

saprolite zone, which was very dry and first occurred at approximately 

16 feet. Following auger refusal at 20 feet, the hole was advanced to 

20.3 feet with a 3-7/8" tri-cone bit. Saprolite and bedrock were cored 

from 20.3 feet to 28 fees using a 3-inch diamond core bit while 

circulating fresh water. Competent bedrock was first encountered at 

23.2 teet and core recovery in the saprolite was very poor. Bedrock 

consisted of the Port Deposit Gneiss and contained significant 

water-bearing fractures with heavy staining at 23.2 feet, 25.1 fret, and 

27.0 feet. Twelve-inch augers were emplaced to 20 feet and the borehole 

was rearwd to a depth nf 31 feet with 8 7-5/R" air hammer bit 

The well was subsequently constructed by placement of a 10 foot 

le;lgth of 4-inch ID PVC schedule 40 (.OlO slotted) well screen from 30.7 

feet to 20.7 feet. This screen interval was chosen to monitor 

water-hearing znnes at the top of the bedrock surface and in bedrock 

fractures. Twenty-three feet of 4-inch ID PVC schedule 40 well casing was 

installed above the screen. Gravel pack, consisting of No. 2 sand, was 

tremied into place around the screen. The top of the gravel pack was 

brought to 19 feet, about 1.7 feet above the top of the screen. A 2.2 

foot seal was installed above the sand pack using l/4-inch bentonite 

pellets. The remaining annulus was then tremie grouted to the surface 

using a 5% bentonite-cement slurry. 
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Well Installation Narrative 
Monitoring Well lGW-2 
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Following completion of the well, a 6 inch by 6 inch square, 5 foot 

steel protector casing with a locking cap was cemented in place over the 

well and was surrounded by a 5 foot by 5-foot concrete pad and four steel 

bumper posts. The well was developed using a submersible pump. Pumping 

continued until development water remained clean and until in situ 

parameters, pH, and specific conductance stabilized. Development water, 

approximately 560 gallons, dischnrgcd J. minimum distance of 25 feet 

topographically down slope from the well location. The well, protector 

casing and concrete pad. were subsequently surveyed relative to a USGS 

bench mark. A State of Maryland Permit tag [No. CE-81-36071 was affixed 

to the protector casing. The bumper posts and protector casing were 

painted international orange 



WELL CONSTRUCTION RECORD 
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WELL CONSTRUCTION DIAGRAM 
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GEOLOGIC LOG 

JOB NUMBER: so& .q 3.6 

BOREHOLE NUMBER: / GW -7 
DATE DRILLED- q/a 7;02/0 

FIELD REPRESENTATIVE: nI &we% 
DRILLING CONTRACTOR:/fff~Al~ ~(‘fi‘-;p,zuc. 
DRILLER: n//r,-g -Lfi%hkb 
DRILLING METHOD: &‘cFA <a’) Ad /Wfff& 
,.,(,LE DIAMETER: C”C?& /%“C’h 7%” 

GROUND ELEVATION: Q&&J 7+L?.9v 
CONDITION OF GROUND SURFACE: t%?tL6 i-1 -L l COMMENTS: c-.+, -454 I-;1Lp*,‘-+‘. ct&;\ c.. 

SAMPLE DESCRIPTION 

(SOIL OR ROCK TYPE, COLOR, GRAIN SIZE, SORTING, 
ROUNDNESS, PLASTICITY, MOISTURE CONTENT, TRACE 

MATERIALS, ODOR, STAINING, TRACE GAS READINGS) 

Q,z?+& , 
GEOLOfilSf’S SIGNAYURE 
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GEOLOGIC LOG 

JOB NUMBER:S~h~~ ‘3. L 

SAMPLE DESCRIPTION 

(SOIL OR ROCK TYPE, COLOR, GRAIN SIZE, SORTING, 
ROUNDNESS, PLASTICITY, MOISTURE CONTENT, TRACE 

MATERIALS, ODOR, STAINING, TRACE GAS READINGS) 
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Well Installation Narrative 

FrojecE: Bainbridge Naval Training Center (NTC) 
Well: lGW-3 (Maryland State Permit #CE-81-3605) 
Date: February 19 and 25, 1988 
Observer: Dennis Papa, Hydrogeologist 

________________________________________~~~..~.~~~~~~~.~~~~~~~.--.-~-~..~~ 

Monitoring well lGW-3 was installed approximately 800 feet north of 

the Port Deposit Reservoir and 100 feet east of State Route 276 as shown 

in Figure 2-l. Access to the location is via a dirt path cutting acro.ss 

the southern border of the landfill. The path is accessible from a dirt 

road which parallels rhe drainage ditch along the eastern border of the 

landfill and exits the landfill area near well lGW-1. The well was 

drilled by advancing an E-inch diameter hollow-stem auger until refusal 

occurred at a depth of 20 feet, the top of competent bedrock. Split spoon 

samples were collected at 5.foot intervals in the saprolite overburden. 

The saprolite was composed of green and white, very micaceous, weathered 

gneiss and schist. After reaching bedrock, drilling continued with a 

7.5/8-inch diameter air hammer bit to a final depth of 29.5 feet. Bedrock 

consisted of the Port Deposit Gneiss and contained several water-bearing 

fractures beginning at a depth of 21 feet. The fractures did not yield 

water until approximately 4 ounces of Quik-Foam was added to the air 

stream. Quik-Foam, a drilling surfactant used to increase the hole 

cleaning capability of the air stream, helped to remove drill cuttings 

wliiclr wr~r Llugging water-beating sttucture~. After adding the Quik-Foam, 

the borehole began producing small amounts of silty and turbid water. The 

borehole was purged with air for approximately rwenty minutes to indure 

water flow into the well and remove residual Quik-Foam. 

Following purging, the well was constructed with a lo-foot length of 

4-inch diameter schedule 40 PVC screen with a slot size of 0.010 inches. 

The screen was set at R depth from 79.0 feet to 19.0 feet ro monitor 

water-bearing zones in the upper fractured portion of the Port Deposit 

Gneiss. A 21.55 foot section of 4-inch diameter schedule 40 PVC well 

casing was installed above the screen, with a stick-up length of 2.55 feet 



Bainbridge Naval Training Center 
Well Installation Narrative 
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February 19 and 25, 1988 
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above ground surface. A gravel pack of No. 2 silica sand was rhen placed 

around the screen and was extended to approximately 2.5 feet above the 

screen. The sand pack was sealed with a Z-foot thick senl formed with 

3/8-inch bentonite pellets, and the remaining annulus grouted with a 5% 

bentonite and cement slurry. The grout was added by tremie pipe and was 

brought to a depth of 3 feet below ground surface. A 5-foot long, 6-inch 

by 6-inch square steel protector casing with a locking cap was cemented 

over the well casing and surrounded by a 5-foot by 5-foot square, 6-inch 

thick concrete pad with a steel bumper post at each corner. The well 

casing, protector casing and concrete pad were surveyed relative to sea 

level on March 5, 1988 using a USGS bench mark as an initial reference 

point. To facilitate identification, the well protector casing was 

painted international orange and labeled with a well tag bearing the 

Maryland State Permit Number CE-El-3G05. 

On March 1 and 2, 1988 the well was developed by bailing and by 

pumping and surging with a submersible pump. Approximately 140 gallons of 

water were purged from the well. Development water was discharged a 

minimum of 25 feet downgradient from the well. In-situ mrasurrmrnts of 

pH, specific conductance, and temperature were recorded periodically. 

nevelnpment rnntinued until in-situ parameters had stabilized and water 

clarity remained constant. Final depth to water in the well, measured on 

March 16. 1988, was '23.21 feet below the well casing. 



WELL CONSTRUCTION RECORD 
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WELL CONSTRUCTION DIAGRAM 
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GEOLOGIC LOG 

JOB NUMBER: 5065.3.6 

PROJECT: &:nbr;Jqe N-K 
LOCATION: 5,o”thwcGT 
BOREHOLE NUMBER: 
DATE DRILLED’ 2-IS- BB 

FIELD REPRESENTATIVE: 
DRILLING CONTRACTOR: 
DRILLER: klatp Lctxctza 

DRILLING METHOD: 
HOLE DIAMETER: 
GROUND ELEVATION: 
CONDITION OF GROUND SURFACE: mdddJ, “W COMMEmS:Fbd &x.-m,‘, cd CO. t-?o 
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GEOLOGIC LOG 

PROJECT: Ba34;o bvA‘,e vrc JOB NUMBER: 5O65.3.6 
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MATERIALS, ODOR, STAINING, TRACE GAS READINGS) 

.~ , . . ^ . ,  I  ._ .1 ~.~. . . \  
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Well Installation Narrative 

Project: Bainbridge Naval Training CrnLrr (NTC) 
Well: lGW-4 (Maryland State Permit #CE-81-3606) 
Date: February 4 - 8, 1988 
Observer: Dennis Papa, Hydrogeologist 

Monitoring well lGW-4 was installed approximately 1200 feet northeast 

of the Port Deposit Reservoir and adjacent to a drainage ditch as shown in 

Figure 2-l. Access to the location is via the service road at Bainbridge 

NTC Gate 7, which joins a dirt path leading past well lGW-4 and exiting 

the landfill *red nrar wrll lGW-1. The well was drilled by advancing an 

e-inch diameter hollow-stem auger until refusal occurred in a zone of very 

dense saprolite at a depth of 27 feet Split-spoon samples were collected 

at 5.foot intervals in the saprolite overburden. The saprolite was 

composed of white weathered gneiss with black and orange banding. 

Split-spoon sample collection was attempted at the dense layer at 27 feet, 

however the spoon could not be advanced. Drilling then resumed with a 

7-5/8-inch air hammer bit through the saprolite overburden to a final 

depth of 45 feet. Solid bedrock, consisting of grey and orange gneiss 

with black banding, was encountered at a depth of 35.5 feet. A major 

fracture was encountered at this depth, however the fracture did not yield 

water until approxunately 12 ounces of Quik-Foam was added co rrhe air 

stream. The Quik-Foam, a drilling surfactant used to increase the hole 

cleaning capability of the air strcom, hclpcd to rcmovc drill cuttings 

which were clogging water-bearing structures. After adding the Quik-Foam, 

the borehole began producing a large amount of slightly orange-colored 

water. The borehole was purged with air for approximately one hour to 

induce water flow into the well and remove residual Quik-Foam. 

Following purging, the borehole became unstable and collapsed to a 

depth of 36 feet. Due to the large amount of water in the borehole (water 

level had risen to 24 feet below the surface) and to avoid further 

collapse, the well was installed above the cave-in. 
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The well was conscrucred with a lo-foor: length of 4-inch diameter 

schedule 40 PVC screen with a slot size of 0.010 inches. The screen was 

set at a depth of 35.63 feet to 25.63 feet. A 27.43 foot srction of 

h-inch diameter schedule 40 PVC well casing was installed above the 

screen. with a Stick-up length of 1.80 feet above ground surface. A 

gravel pack of No. 2 silica sand was then placed around the screen and was 

extended to approximately 3 feet above the well screen. The sand pack was 

sealed with a 3.foot thick seal formed with l/4-inch bentonite pellets, 

and the remaining annulus grouted with a 5% bentonite and cement slurry 

The grout slurry was added by tremie pipe, and was brought to a depth of 

4 feet below ground surface., A 5-foot long, 6-inch by 6-inch square steel 

protector casing with a locking cap was cemented over the well casing and 

surrounded by a 5-foot by 5-foot square, 6-inch thick concrete pad with a 

sLer1 IJulprr p"sL at each C"lllrL. The wrll casiug, prutrctur casiltg, and 

concrete pad were surveyed relative to sea level on March 5, 1988 using a 

USGS bench mark as an initial reference point. To facilitate 

identification, the well protector casing was painted international orange 

and labeled with a well tag bearing the Maryland State Permit Number 
, 

CE-81.3606. 

On March 2, 1988, the well was developed by pumping and surging with 

a submersible pump. Approximately 400 gallons of water was purged from 

the well. Development water was discharged a minimum of 25 feet 

downgradient from the well. In-situ measurements of pH, specific 

conductance, and temperature were recorded periodically. Development 

continued until in-situ parameters had stabilized and water clarity 

remained constant. Final depth to water in the well, measured on 

March 16, 1988, was 25.0 feet below the well casing. 



WELL CONSTRUCTION RECORD 
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WELL CONSTRUCTION DIAGRAM 
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GEOLOGIC LOG 

PROJECT: 
LOCATION: 
BOREHOLE NUMBER: 
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GROUND ELEVATION: 

4, ‘,, 
5 8” ‘a 36 

2-m. -tB (Pa 

I pj:~&r-,lw-~ S/I 

CONDITION OF GROUND SURFACE: mvdd v clw COMME.,TS: ,%WthXW~ cc&t CO. f=fD 

!!i SAMPLE DESCRIPTION 

s (SOIL OR ROCK TYPE, COLOR, GRAIN SIZE, SORTING, 

E ROUNDNESS, PLASTICITY, MOISTURE CONTENT, TRACE 

5 MATERIALS, ODOR, STAINING, TRACE GAS READINGS) 

Demn;, pa/&y 
GEOLOGIST’S SlGNkTURE 
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\FiiPmIzc GEOLOGIC LOG 

PROJECT: j3o:r-l f-+Aae VTC JOB NUMBER: 5065.3.6 
LOCATION: smth ,f - londE;II 

BOREHOLEIWELL NUMBER IGW-4 

DATE LOGGED: Z-Y-8$ +r, z-5 - 88 

SAMPLE DESCRIPTION 

(SOIL OR ROCK TYPE, COLOR, GRAIN SIZE, SORTING, 
ROUNDNESS, PLASTICITY, MOISTURE CONTENT, TRACE 

MATERIALS, ODOR, STAINING, TRACE GAS READINGS) 

PAGE 4 OFL/ 



DATE Recewed DATE WELL COMPLETED 

I’ - 1,; 4 O’ 8’ 8’,8J 

Owb’-- m 

STI RRFD E?l,S&m 

Depth Of we,, FROM “PERMIT TO DRfLL WEU’ 

;m; 
ICIEI-I8 11-I 3161OjS 

28 R w 31 12 J3 34 ,5 )6 31 

fl,Sl name 
TOWN WKP 

“.“.L “I . ..r....1”,.” 
WELL COMPLETION REPORT 

FILL IN THIS FORM COMPLETELY 
PLEASE PRfNT OR TYPE 

45 DAYS AFTER WELL IS COMPLETED. 

COUNTY 
NUMBER = - - 

PERMIT NO. 

SI L.&ON - 
-. yf& 

Not requwed , 

STATE THE KIND ( 
PENETRATED, TH, 

. T”lCI(NESS AND I 

DESCRIPTION (“se 
addfhonal wheels ,f needec - 

C *ace soil 
silty clay 
u'rcuts, pbble 
m za CjY-avels 

s=ti layer 
d rkyellckvish 
ohmge,fine- 
grainea micace 

Sqxolite 
dark yellcwish 
0 mge. gneissi 
IA-.htions 
well-sorted vrx 
f' ained 
s 

pD1.L Spsit 
Q Ass 
LdKdd 

angular clasts 
1; Lillations 

- 
CIRCLE APPRi 

p A WELL WAS ABA, 
WHEN THE WELL 

Y 

1 

1 
DPR 
4DO 
WA: 

0’ 

3 4' 5' 

5' 15.1 

35.5 36 

IfATE 
NED, 
3 con 

rrtl 
D Sf 
.ETf 

3F FORMAT 
:IR COLOR, 
F WATER 81 

ED 

SlTE SUPERVISOR (*an a, driller 0, journeyman 
re6 msible for sifework if different from permittee) 

- 

_ c 
C 
c 

: 
: 
c 
i 

: 

I 

C 

E 

f 

: 
: 
E 

G 
If 
F 

-F 

F 

‘T 
C 

SECTION _ 

Gf 
WELL HAS SEEN ( 
(Circle Approprtale Box, 

TYPE OF GROUTING MATERIAL 

SENTONlTE CLAY m 
,5 .6 

10 OF SAGS -- ----NO OF POUNDS ~ 
iALLONSOF WATER _ _.__ 
)EPTH OF GROUT SEAL 00 nearest foot, 

I--l---d 

Screen type SCREEN RECORD 

iRAVEL PACK,from 23 ,,'" 36 
= WELL DRILLED WAS 
LOWING WELL INSERT 
IN BOX 68 

IEP “SE ONLY 
4OT TO SE FfLLED IN BY DRILLER, 

T ,E.R.O.S) WO 

ELESCOPE 
.ASfNG 

LOG OTtfER DATA 
INDfCATOR 

3 
i’ 
l- 

J 

-L 

LOT 

CJJ 
1 2 

PUMPING TEST 

HOURS PVMPED ,nearez.t hour, ul 

PUMPfNG RATE (gal. per “,I” [m 
to nearest gal.) 11 15 
METHOD USED TO 
MEASURE PUMPING RATE I 
WATER LEVEL fdlsfance from land surface) 

BEFORE P”MPfNG 
II 

WHEN PUMPlNG 
LlTr 

TYPE OF PUMP USED (for test) 

PUMP INSTALLED 

DRfLLER WfLL INSTALL PUMP 
(CIRCLE) (YES or NO) 

YES @ 

IF DRILLER INSTALLS PUMP, THIS SECTION 
MUST SE COMPLETED FOR ALL WELLS 
EXCEPT HOME USE 
TYPE OF PUMP INSTALLED 
PLACE lA.C.J.P,R.S.T.O) 
IN BOX.SEE ABOVE: Q 

CAPACITY: 
GALLONS PER MfN”TE 
,fO nearest gallon, 1 35 

PUMP HORSE POWER 
LI 

PUMP COLUMN LENGTH 
(noarcs, 11.) LI 
C 

6 

ING HEfGHT (circle appropriate box 

i above 
and enter casing height) 

LAND SURFACE 

below 

i 

LOCATION OF WELL ON LOT 
SHOW PERMANENT STRUCTURE SVCH AS 
BUILDING. SEPTIC TANKS. ANDlOR 
LANDMARKS AND fNDfCATE NOT LESS 
THAN TWO “ISTANCES 
WEASVREMENTS TO WELL) 

/ 



Well Installation Narrative 

Projecr: Bainbridge Naval Tlaiuing Center (NTC) 
Well: lGW-5 (Maryland State Permit #E-81-3607) 
Date: February 26, 1988 
Observer: Dennis Papa, Hydrogeologist 

___...--______..----~~~~~~~-~---~~~~~~~.----~~~~~~~~.~--~~~~~~~~~~.-~~~~~~ 

Monitoring well lGW-5 was installed approximately 100 feet northeast 

of the Port Deposit Reservoir as shown in Figure 2-1. Access to the 

location is via the service road at Gate / along State Koute 276. The 

well was drilled by first advancing a 12-inch diameter hollow-stem auger 

flighr LO a drp~11 of 4 frrr to act as a temporary surface casing. 

Drilling then resumed with a 3-7/8-inch rotary bit advanced by the air 

rorary method to the top of hedrork, which was encountered at a depth of 

23 feet. Split-spoon samples were collected at 5-foot intervals in the 

saprolite overburden. The saprolite was composed of orange, pelitic 

weathered gneiss with green and bla'k schistose banding. 
f 

After reaching 

bedrock, the borehole was reamed with a 7-S/a-inch air hammer bit and 

continued into bedrock to a final depth of 33 feet. Bedrock consisted of 

a green schist member of the Port Deposit Gneiss formation, cut sharply by 

a milky quartz vein beginning at a depth of 28 feet and continuing through 

the remainder of the borehole. The quartz vein was highly fractured and 

yielded a signiticant amount of very clear warer. 

The borehole was subsequently purged with air for approximately 

15 minutes prior to well installation. The well was constructed with a 

lo-foot length of 4-inch diameter schedule 40 PVC screen with a slot size 

ot U.010 inches. The screen was ser: ar: a deprrh from 32.25 L‘rrL Lu 

22.25 feet to monitor water-bearing zones in the upper fractured portion 

of the Port Deposit Gnciss. A 24.75 foot section of h-inch diameter 

schedule 40 PVC well casing was installed above.the screen with a stick-up 

lmeth of 2 50 feet above ground surface. A gravel pack of No. 2 silica 

sand was then placed around the screen and was extended to approximately 3 

feet above the screen. The sand pack was sealed with a 3.5 foot thick 



Bainbridge Naval Training Center 
Well Installation Narrative 
Moniroring Well lGW-5 
February 26, 1988 
Page Two 

seal formed with l/4-inch bentonite pellets and the remaining annulus 

grouted by tremie pipe to the ground surface with a 54 bentonite and 

callent slurry. A 5-foot long, 6.inch by 6-inch square steel protector 

casing with a locking cap was cemented over the well casing and surrounded 

by a 5-foot by 5-toot square, b-inch thick concrete pad with a steel 

bumper post at each corner. The well casing, protector casing and 

CUL~CL~~~ p,ad wrrr surveyed relative to sea level using a local USGS bench 

mark as an initial reference point. To facilitate identification, the 

well protrcror casing was painted international orange and labeled with a 

well tag bearing the Maryland State Permit Number CE-81-3607. 

On March 1, 1988, the well was developed by pumping and surging with 

a submersible pump. Approximately 100 gallons of water was purged from 

the well Development water was discharged a minimum of 25 feet 

downgradient from the well. In-situ measurements of pH, specific 

conductance, and temperature were recorded periodically. Development 

continued until in-situ parameters had stabilized and water clarity 

remained constant. Final depth to water in the well, measured on March 

15, 1988, was 16.58 feet below the well casing. 



WELL CONSTRUCTION RECORD 

RIG TYPE: ,nbb:le ‘0.41 
CONDITION OF GROUND SURFACE: *!-GLJv &%a: 
FORMATION SCREENED: Pot+ Dev-a’+ 

HOLE END 
BIT TYPE DIA. DEPTH* FLUID 

(IN.1 (FT.) TYPE 

h&w QWCC 8% IO v 

fri-Con* 3716 ‘I 23’ a:< 

IKlFmer 7 % / y- 33’ a:< 

PROJECT: B,;n L,:J ,*o tJ-rc JOB NUMBER 5065. 3.6 

LOCATION: so,+h\J& 55 la~‘t:lf 

WELL NUMBER: 1r7w-5 GROUND ELEVATION. ‘44 Yb (Purl) 
DATE INSTALLED: z- 26- m WELL CASING ELEVATION’ 175.*6 ’ abow m’& 
FIELD REPRESENTATIVE: beon;6 PO- PROTECTOR CASING ELEVATION: 1qs.23 

DRILLING CONTRACTOR: brd ;p uJ’?q r 
DRILLER: N. lfi zr=.rc’ UCENSE NO. 33 
DRILLfNG METHOD: 4J4er /oh ddrv d hOtkr 

LOCATION KETCH 
1, 

I J 
I I ’ I 

PROTECTOR, CASING 6 SCREEN RECORD 

DESCRlPTlON 

05 l ’ . 

pcDt.t,+.- r..c:nh 

PVC 9rH -lo ca5:n5 

fwc qcu qo 5crw- y IO’ 122.25(32.2! 
rl L I I I I 

COMPLETION MATERIALS RECORD 

I la 

TlME LOG 

ACTIVITY 1 DATE 1 START 1 END 
DRILLING Z-26-& II I5 ‘625 

CASING 2-26-68 l&5 1653 

FILTER PACK Z-26- Ba 1650 I655 

SEAL 2- 26 -88 1655 I700 
GROUT Z- 26-00 1710 1730 
DEVELOPMENT 3-l- 56 1610 16% 
SURVEY 3-5 -88 

I*+ DTHER ~+nJ 3-16-88 II05 

GROUND WATER LEVELS 

DURING DRILUNG: 
Z-lb- 00 1615 - W&, ,eOv ~1’ 28’ 

n3a - wok4 “p +, lb.5 1 

in c.+ttd well 

3-15- 8s 1415 - fC.bS’ A,, wd 
cG,i” 

WELL DEVELOPMENT 

l DEPTH FROM GROUND SURFACE 

COMMENTS: 



WELL CONSTRUCTION DIAGRAM 

70JECT: Br.:nbr:dqe UTL JOB NUMBER: .Wb5. 3.6 
CATION. s&h Se<+ of h-dS:ll 

.dELL NUMBER: Itid- 5 ELEVATION: 190. 46 ’ 
DATE INSTALLED: L-2&- 0s 0 GROUND q CASING 0 PROTECTOR CASING 

0 ABOVE GROUND LEVEL q ABOVE MEAN SEA LEVEL 

LOCKING WELL 

4 

t 
PROTECTOF 

CASING 
HEIGHT 
ABOVE 

GROUND(FT) 
I 

TOTAL 
DEPT” 

F-U 
E 

32 STICK-UP 2. S.¶ ‘ 

WELL CASING 
DIAUETEA (IN) 

SEAL 
LENGTH 

WI - 

PACK 
TYPE 

F1LTER 
PACK 

LENGTH 
WI 

7 

CAP 

PVC YH YO 
WELL CASING AND 

CAP TYPE 

GROUND SURFACE 

le “(tE DIAMETER 

c~mcnt t be&,, GROUT TYPE 

SLOT 
OPENING 

(IN) 

,piq 

A 

OPEN OR s 10 SLOTTED 
LENGTH 

(FT) 

BLANK 
LENGTH 

VI 



GEOLOGIC LOG 

JOB NUMBER: 5065. 5.6 

PROJECT: 13e;rk.r: Jr,, m-c 
LOCATION: scw+LT;*5t oq I6ds:ll 

BOREHOLE NUMBER: I&W- 5 

DATE DRILLED- J-26- 86 

FIELD REPRESENTATIVE: na”n” P4Ffl 
DRILLING CONT~A~TOF?: u ur.4 :n bL.boc 

DRILLER: e Lcllaro 

DRILLING METHO;: doq+* / 5’ ,, 4.r dcwf + how-d 

HOLE DIAMETER: 7 193 

GROUND ELEVATION: I-3 .Y I p&l 

CONDITION OF GROUND SURFACE: qro ,I” lop&l 

SAMPLE DESCRIPTION 

t (SOIL OR ROCK TYPE, COLOR, GRAIN SIZE, SORTING, 

E ROUNDNESS, PLASTICITY, MOISTURE CONTENT, TRACE 

!z 
MATERIALS, ODOR, STAINING, TRACE GAS READINGS) 

PAGE 3 OF L/ 



GEOLOGIC LOG 

PROJECT: Rn;nbp;dw klTL 
J 

LOCATION. fr-v+hwc++ 
BOREHOLElWELL NUMBERP 

f landl/Il 

1c.i~ - 5 
DATE LOGGED: Z-26 3% 

JOB NUMBER: !i’sL 3.6 

s 
! 

SAMPLE DESCRIPTION 

I5 
(SOIL OR ROCK TYPE, COLOR, GRAIN SIZE, SORTING. 

ROUNDNESS, PLASTICITY, MOISTURE CONTENT, TRACE 
5 MATERIALS, ODOR, STAINING, TRACE GAS READINGS) 
B 

. 

DGIST’S SlGkATflRE 
PAGE t’ OF t’ 



I ‘I LI -. L rl J (OEP USE ONLY) 
- ..,. - WV . ..n.. . --I.” 

3 23 
45 DAYS AFTER WE,.,. IS COMPLETED 

JHIS NUMBER IS TO SE~PUNCHED 
WELL COMPLETION REPORT 

FILL IN THIS FORM COMPLETELY COUNTY 
N COLS 36 ON ALL CARDS) PLEASE PRINT OR TYPE NUMBER Test Well ElAnbridge 

DATE WELLCOMPLETED. Depth 01 we,, 
PERMIT N”. 

FROM “PERMIT TO DRILL WEL, 

~C~E~-~0]1~-~3~6~0~; 

I 
Arnold 

2% 29 M 3( 32 33 Y 35 ?6 : 
OWNER Paul 

TOR RFD fmt name 
TOWN poti -Sit 

,VISION __ 

B 
NOI regu,re* 

STATE THE KIND 
PENETRATED, TH 
THICKNESS AND 

JESCRIPTION ,“se 

hrface soil 
silty w/x&s 
xhbles, saprol 
raqments 

-aprolite 
=yfinesand 
peissic 
slninations 
ell-sorted 

art Eewsit 
neiss (E&rock 
ihistose fabric 

wxd w/ 

itx 

- 
CIRCLE APPROPR IATE LE1 

4 
A WELL WAS ASANDO, YED ANf 
WHEN THIS WELL WAS COMPLETED 

c 
AL 

?llS 

.lONS 

.DEPTH. 
EARING 

: ELECTRIC LOG OBTAINED 

0 TEST WELL CONVERTED TO PRODUCTION 

‘40 OF BAGS ---NO OF POUNDS I-:- 
jALLONSOF WATER _--~_ _ ~__~ 
XPTH OF GROUT SEAL (to nearest loo,) 

.- RECORD 

/ l”SHl 

-LOT 

PUMPING RATE @al per mn. 
to nearest pa,, 
METHOD UkED TO 
MEASURE PUMPING RATE I 
WATER LEVEL (distance from land surface) 

BEFORE P”MP1NG 
KQ 

WHEN PUMPING 

LI 
TYPE OF PUMP USED (for les,) 

DRlLLER WILL lNSTALL P,,MP 
ICIRCLE) (YES 0, NO) 

YES @ 

IF DRILLER INSTALLS PUMP, THIS SECTlON 
MUST SE COMPLETED FOR ALL WELLS 
EXCEPT HOME USE 
WPE OF PVMP INSTALLED 
“LACE ~A.C.J.P.R.S.T.0) 
N BOX-SEE ABOVE. 

‘UMP COLUMN LENGT,, 
neare,, ft.) 

ING HEIGHT (wcle app,:p,,ate box 
and enter casmg he~gh,) 

LANDSURFACE 

LOCATION OF WELL ON LOT 
’ SHOW PERMANENT STRUCTURE SUCH AS 

BUILDING. SEPTIC TANKS, ANDlOR 
1 LANDMARKS AND lNDlCATE NOT LESS 

THAN TWO DISTANCES 
h4EAS”REMENTS TO WELL) 

IOT TO SE FILLED IN By DRILLER, 

T (C.R.0.5.) 

- - 
‘“U “l-l I I I I 
ILESCOPE LOG OTHER DATA 
WNG lNDlCATOR 

ORIGINAL 



Well Installation Narrative 

rroJect: Balnbrldge Naval Tralnlng Center (NTC) 
Well: 2GW-1 
Date: January 19 22, 1988 
Observers: Timothy J. Baker, hydrogeologisr; 

Jeff Flanzenbaum, hydrogeologist 

Monitoring well 2GW-1 was installed adjacent to the east corner of 

the concrctc pad at the fircfightcrs training ZXCB, 10 feet north of 

abandoned borehole 2GW-1A as show" on Figure 2-8. The well is 

hydraulically upgradient of the oil separator pit. The well was installed 

by augering to refusal on bedrock at 31 feet. Augering was accomplished 

using e-inch diameter auger followed by borehole reaming with 12.inch 

diameter augers. No split spoon soil samples were collected, since 

sampling was conducted while drilling adjacent borehole 2GW-1A. A casing 

seat was drilled 3.26 feet into the bedrock surface using a 7-5/e" air 

hammer bit. Six inch I.D. PVC, schedule 40 conductor casing constructed 

with couplings was then installed into the bedrock and secured with a one 

foot bentonite seal followed by a bentonite/cement grout. After the grout 

ser, air hammering conrinued inro bedrock co a coral depth of 42.26 feet. 

The bedrock yielded significant volumes of water through fracture systems 

while air drilling, especially at 37 feet. Additional casing or screen6 

were not necessary since the bedrock hole from 34.26 feet to 42.26 feet 

remained open after drilling. A static water level of approximately 7 

feet below ground was measured after installation. 

Following completion, the well was developed using a 3-7/8-inch 

diameter stainless steel submersible pump attached to drinking-water grade 

polyethylene tubing. Pumping continued until development water remained 

clear and until pH and specific conductance stabilized. Development water 

was discharged a minimum distance of 25 feet topographically down slope 

from the well location. The well casing is protected by a 6" diameter 

steel locking protector casing surrounded by a 5'x5' concrete pad and four 

steel bumper posts. The well was subsequently surveyed relative to a 

U.S.G.S. bench mark and painted international orange. A State of Maryland 

well identification tag [permit number CE-81-36081 is affixed to the 

protector casing. 



WELL CONSTRUCTION RECORD 

DRILLING METII~~; hfc 1 A, t.q4rnLC 

RIG TYPE: m a> \ 

CONDITION OF GROUND SURFACE: tic*< (nd*id) 
FORMATION SCREENED: .: 03~ CM&=. ic a.+ - - 

?x + iz.eeL ; t c=r.,u ss 
l Lkld- # 

HOLE END 

SIT TYPE DIA. DEPTH’ FLUID 

(IN.) (FT.) TYPE 

JO8 NUMBER so6.s. 5. (b 

GROUND ELEVATION:2 
WELL CASING ELEVATION:2 

FIELD REPRESENTATIVE: 34% I-=--WPROTECTOR CASINQ ELEVATION; 266.56 
DRILLING CONTRACTOF!: kk h. l- btaOc =.w . 
DRILLER: d e li.x.co ,,CENSE ,.,o. RD. ssb LoCAT’oN sKETCy 

- zlau-1 &“O,. (0) a.4& “i er:‘,4cL 
.d. ,A -.J..‘u- -iY q--A .‘..?A 

TIME LOG 
k-4 a% ~-wvL< 5 % ,1‘“T a ACTIVITY DATE START END 

DRILLING iJtq\er ,030 ILIsrU 

PROTECTOR, CASING IL SCREEN RECORD _ .Ib\PB ‘4°C ,,Lc. 

I I I I - CASING -- . - \ r(rrlP t: ,%4C ,, i ‘L 

a= 

I I I_ 
.- 26 z 

DESCRIPTION FILTER PACK 

li 2, = b. SEAL 
_̂ GROUT 



WELL CONSTRUCTION DIAGRAM 

PROJECT: CbA.aAnL,c .a= JOB NUMBER: SGbS-3 L 

‘.OC*T,ON. c‘ 8 1 

IELL NUMBER: 

s-w? : y;- 3;+ 

‘a-3 d - 1 -L.-P-d uF1\ ELEVATION: 76.37 
dATE INSTALLED: @/Z-l+*’ 1 *ILL la*, 0 aRouND XCASINO 0 PROTECTOR CASINO 

0 ABOVE GROUND LEVEL =ABOVE MEAN SEA LEVEL 

-La 
PRO 

C. 

- 

LOCKING WELL CAP 

4 

x 
TEt 
ASI 

f 

NO 

4q 
TOTIL 
DEPTH 

+, 
STICK-UP 

+ 

t 
SEAT 3’ 

LENGTH 

I 

5 7/e,’ OPEN HOLE 
DIAMETER - 

8Ub,/,ot.rzCx 
.5 ’ s TFFL- p ROTECTOR CASING DESCRlPTlON 

SURFACE 

- 

CONDUCTOR CASING 

I 

OPEN 
LENGTH 

L 



GEOLOGIC ‘LOG 

SAMPLE DESCRIPTION 

(SOIL OR ROCK TYPE. COLOR, GRAIN SIZE. SORTING, 
ROUNDNESS, PLASTICITY, MOISTURE CONTENT, TRACE 

MATERIALS, ODOR, STAINING, TRACE GAS READINGS) 

(3-y 8 .+.‘t.# J a. &g& / 
GEOLOGkT% SIGNATURE 

PAGE 3 OF- 



Ii111 blZb 1 
IL”“LI.YL I.Y 
(OEP USE ONLY) 

t ; ;:,,“MSER IS TO S;P”NCHED 
1,. :OLS. 36 ON ALL CARDS, 

.a I m I L “I- ,.lrn”, LCI,.” 
WELL COMPLETION REPORT 

FlLL IN TH,S FORM COMPLETELY 
PLEASE PRINT OR TYPE 

45 DAYS AFTER WELL IS COMPLETED 

COUNTY NUMBER Test Well Bainbridge 
PERMIT NO. 

_30lVISION 
e 

NO, requw33 to 
STATE THE KIND 01 
PENETRATED, THE, 
THICKNESS AND IF 

ESCRIPTION (“se 
ltlonal sheets If needed, 

dface soil 
arkyellmish 
snge silt 
mbbles, clay 

&%fhesand 

-pS3.itS 
ilty gneissic 
lnitlatim, 
le yellohsh 

&nge,micaceau 
~hafics well 

rtdl 

-- Tepsit 
(Bedrock) 

L, orange 
kactured clasts 

negrained 
frix gneissic 

iltninatim, 
art2 mafics, 
cd felds p3.r 

CIRCLE APPR( 
A WELL WAS ABAlr 

* WHEN THIS WELL ’ 

Gen 
- 
ORM 
:oLC 
4TEF - 

i&i - 

- 
IIATI 
,NEC 
SCC 

VIeI 

E LE 
I AN 
MP 

12' 

42' 

iz 
DS 
LET 

R 
EAL 
ED 

1 ELECTRIC LOG OBTAINED 

m TEST WELL CONVERTED TO PRODUCTION 

SECTION 

NELL HAS SEEN GROUTED 
‘Clrnk Appropriate BOX, 

TYPE OF GROUTING MATERlAL 

SENTONITE CLAY m 
.5 .6 

0 OF SAGS -NO. OF POUNDS -- 

ALLONS OF WATFR 
EPTH OF GROUT SEAL I,0 nearest ,001) 

M:,N Nommal d,smeter Total deP,h 
CWING top (ma,“, casrng “I mam ossong 

TYPE (nearest inch) ,nearest toot, 

IIm 

OTHER CASING (if used1 
diameter depth ,b?ec 

I- l”Ch mm 10 

+l.J--- 
!LJAL.-L-L.2 

,&%,‘:N - t,%:EST 

hcml 10 
SRAVEL PACK,- I 
,F WELL DRILLED WAS 
FLOWING WELL INSERT 
FINBOX 9 

3EP USE ONLY 
;NOT TO SE FILLED IN BY DRILLER1 

TELESCOPE 
CASING 

(E.R.O.S.1 
I. IS 16 

j--J r;h 

LOG OTHER DATl 
INDICATOR 

-LOT 

+J 
I 

P”HP,NC TEST 

HOVRS PUMPED p.aareat ho”.) In 

PUMPING RATE (gal. per min.mj 
10 nearest pal., $1 15 
METHOD USED TO 
MEASURE PUMPING RATE I 
WATER LEVEL (dostance IrOm land SurfaCeI 

BEFORE PUMPING 

WHEN PUMPING 

TYPE OF PUMP USED (‘or test, 

DRILLER WlLL INSTALL PUMP 
(CIRCLE) (YES or NO) 

YES Q 

IF DRILLER INSTALLS PUMP, THIS SECTION 
MUST SE COMPLETED FOR ALL WELLS 
EXCEPT HOME USE 
TYPE OF PUMP INSTALLED 
PLACE (A.C.J.P.R.S.T.0) 
IN BOX. SEE ABOVE: 

CAPAC,TY: 
GALLONS PER MINUTE 
(IO mares, gallon, 

PUMP HORSE POWER 

PUMP COLUMN LENGTH 
(nearest tt., 

CASING HEIGHT (circle app&rla,e box 

Qbove 
and enter camg height) 

LAND SURFACE 

below 

4 
LOCATlON OF WELL ON LOT 

SHOW PERMANENT STRUCTURE SUCH AS 
BUILDING. SEPTIC TANKS, AND/OR 
LANDMARKS AND INDICATE NOT LESS 
THAN TWO DISTANCES 
(MEASUREMENTS TO WELL) 

31 4 
LOCATlON OF WELL ON LOT 

SHOW PERMANENT STRUCTURE SUCH AS 
BUILDING. SEPTIC TANKS, AND/OR 
LANDMARKS AND INDICATE NOT LESS 
THAN TWO DISTANCES 
(MEASUREMENTS TO WELL) 

mx-1) 



Well Installation Narrative 

Project: Bainbridge Naval Training Center (NTC) 
Well: 2GW-1A (Grouted) 
Date: January 15 - 18, 1988 
Obb‘2rVCr. Timothy J. Baker, hydrogeologist 

Borehole 2GW-1A "as positioned adjacent to the east corner of the 

ccmcrcte pad at the fire training area as shown on Figure 2-g. Six split 

spoon samples were obtained at five foot intervals while augering. 

Saturated sediments were encountered while drilling at 14 feet below 

surtace. 'This represents a perched water zone above the saprolite which 

"as encountered at 15 feet. The saprolite zone was dense and very dry. 

This borrhole was intended to scrvc as the upgradient monitoring well for 

the site. HOWeVer, the 7" OD hollow-stem auger broke while drilling at a 

depth of 76 5 feet. Approximately 10 feet of augers remained in the 

bottom of the borehole and were not returnable. As a result, it "as 

necessary to plug the borehole with a bentonite/cement slurry. 

This was the first borehole drilled during the well installation 

operations at NTC. As a result of the auger string failure while drilling 

this borehole, the drilling contractor decided to utilize a heavier, 8" OD 

auger string for all subsequently drilled wells. No other auger string 

failures occurred during the well installation program. 

A replacement well, 2GW-1. "as installed approximately 10 feet north 

(upgradient) of the abandoned borehole to serve as the upgradient sampling 

point for the oil separator pit site. The well "as completed in the 

bedrock aquifer using an open hole completion (see well completion records 

for 2GW-1). 
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Well Installation Narrative 

Project: Bainbridge Naval Training Center (NTC) 
Well: 2GW-2 
Date: January 25, 1988; February 17, 23 - 24, 1988 
Observers: Timothy J. Baker, Hydrogeologist; 

Jeff Flanzenbaum, Hydrogeolagist 

Monitoring well 2GW-2 was installed about 50 feet east of the oil 

separator pit as shown on Figure Z-8. 'The well was drllled using hollow 

stem augers until refusal occurred in saprolite at 19.36 feet. Split 

spoon samples of soils were collected at five foot intervals until auger 

refusal. Saturated soils were encountered at 5.5 feet. This indicates 

the presenre of R perched water table above the saprolite contact, 

encountered at 6 feet. The saprolite appeared to be moist but was not 

saturated. Following the use of 8-.inch diameter augers to refusal, the 

borehole was further reamed using 12-inch diameter augers. The borehole 

was advanced into bedrock to a depth of 22.5 feet using the air hammer 

method with a 7:5/8-inch diameter bit. Competent bedrock was first 

encountered at 21.5 feet. Six inch stainless steel type 304 casing was 

then installed to 22.36 feet with a one foot bentonite seal followed by a 

bentonite/cement slurry for the remaining annulus. Stainless steel casing 

was utilized because of the possible presence of organic conraminanrs in 

soil or ground-water that may degrade PVC or other types of casing 

mntcrinl. After allowing tho grout to set, air hammering continued 

through the conductor casing into competent bedrock to a total depth of 

27.36 feet using a 5-7/8-inch diameter hammer bit. Significant volumes of 

water were encountered while air hammering in bedrock especially through a 

fracture located at 23.5 feet. The bedrock hole from 22.36 feet to 27.36 

feet remained open and additional casing and screening was not necessary. 

Following completion, the well was developed using a 3-7/8-inch 

diameter stainless steel submersible pump attached to drinking-water grade 

polyethylene tubing. Pumping continued until development water remained 

clear and until pH and specific conductance stabilized. Development water 

was discharged a minimum distance of 25 feet topographically down slope 
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from the well location. A locking protector casing was installed, 

surrounded by a 5'x5' concrete pad and four steel bumper posts. The well 

was subsequently surveyed relative to a U.S.G.S. bench mark and painted 

international orange. A State of Maryland identification tag [permit 

number CE-al-361 is affixed to the protector casing. 
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Well Installation Narrative 

Project: Bainbridge Naval Training Center (NTC) 
Well: 2GW-3 
Date: January 27, 1988: February 1 and 11. 1988 
Observers: Jeff Flanzenbaum, hydrogeologist 

Monitoring well 2GW-3 was installed approximately 25 feet from the 

west berm of the oil separator pit adjacent to the red storage barn 

(Building 53) on the Bainbridge NTC property (Figure 2-E). The well was 

drilled using hollow-stem augers (E-inch diameter followed by 12-inch 

diameter) until refusal occurred at 21 feet below grade. Split-spoon 

samples were collected at five foot intervals until auger refusal. 

Saturated soils were encountered at approximately 9 feet during augering 

and appeared to be perched on the low permeability saprolite. Silty fine 

aads (sapluliLr) witI, gllrissic larnin~tions were encountered until auger 

refusal at 21 feet. Pneumatic hammer drilling with a 7-5/8-i"& hammer 

hit proceeded through the I?-inch diameter sueera to 30 feet below grade. 

Competent bedrock was not encountered at ZGW-3. From 21 feet to 30 feet 

below grade, pebbles, gravels, and cobbles of what appeared to be fluvial 

origin were encountered. These sediments were saturated and yielded 

substantial quantities of water during hammer drilling. 

Versar decided to screen this well in the gravel and cobble zone from 

approximately 17.4 to 27.4 feet below grade. Since the water emanating 

from the borehole during hammer drilling contained an oily bifrefringence 

and a slight petroleum odor was noted at the borehole, a four-inch 

diameter stainless steel well was installed at this location. 

A possible hypothesis for this scenario where fluvial gravels are 

found beneath a saprolite zone is that the site of 2GW-3 represents a 

cut-bank deposit. That is, a stream at one time cut through the saprolite 

and in some locations actually undercut some of the saprolite along the 

stream. In this manner, as the stream migrated, deposition of fluvial 

sediments would have occurred beneath the cut bank of the saprolire. This 
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hypothesis is plausible since aerial photographs of the site from 1937, 

1949, and 1952 show a surface drainage along the eastern side of the 

barn. Alternative hypothesis include the presence of "float" rock above 

fluvial sediments that has weathered in place, or sediment filled 

fractures at the well site. 

The 4-inch diameter screened stainless steel well at 2GW-3 was 

completed with number 2 sand to approximately two feet above the screen, 

followed by a two-foot bentonite pellet seal and a bentonite/cement slurry 

that was tremied into the annulus to 3 feet below the ground surface. A 

6-inch diameter protector casing was subsequently cemented into the 

remaining annulus 

Following completion, the well was developed using a 3.7/8-inch 

diameter submersible pump attached to drinking-water grade polyethylene 

tubing. Pumping continued until development water remained clear and 

until pH and specific conductance stabilized. Development water was 

discharged a minimum distance of 25 feet topographically down slope from 

the well location. A locking prow!cwr casing was installed surrounded by 

a 51x5' concrete pad and four steel bumper posts. The well was 

subscqucntly survcycd rclotivc to il U.S.C.S. bench mark and painted 

international orange. A State of Maryland identification tag [permit 

number CE-81-36101 is affixed to the protector casing. 
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GEOLOGIC LOG 

JOB NUMBER: SObS 3.b 

PROJECT: tJ-rL 
LOC,JT,ON: O-a\ %%.+-r -3:-t LOCATION SKETCH 
BOREHOLE NUMBER: z(rrr)-3 

DATE DRILLED. alr1 %I: Ll,l8B ; Ir II as 

FIELD REPRESENTATIVE: -\. S’snrenb.uq 
DRILLING CONTRACTOR: *h IWJbrr sn- 
DRILLER: hk hwra 
DRILLING METHOD: *&*.a Aam 6 w !A ‘SC phov *a 
HOLE DIAMETER: 7 S/g” - ,,*“, 

GROUND ELEVATION: cpd\ rs4.77 
CONDITION OF GROUND SURFACE: S’@“?, 1 “A+ COMMENTS: ?t.r+ Dtpoi~+. Ori\ 0.. cs\b 

5 SAMPLE DESCRIPTION 

: (SOIL OR ROCK TYPE, COLOR, GRAIN SIZE, SORTING, 

s 
ROUNDNESS, PLASTICITY, MOISTURE CONTENT, TRACE 

c MATERIALS, ODOR, STAINING, TRACE GAS READINGS) 

PAGE 3 OFL 



GEOLOGIC LOG 

PROJECT: -;y: h &-rc-- 
~4c.+.r -?:$ LOCATION. 

BOREHOLEIWELL NUMBER. 2&Q- 3 
DATE LOGGED: L 01 OS. % I f)a . s ,, BB 

JOB NUMBER: zTobs. 3.6 

I 

4@ LG 

SAMPLE DESCRIPTION 

(SOIL OR ROCK TYPE, COLOR, GRAIN SIZE, SORTING, 
ROUNDNESS, PLASTICITY, MOISTURE CONTENT, TRACE 

MATERIALS, ODOR, STAINING, TRACE GAS READINGS) 

PAGE d, OF& 



;- . J , 1 .J 1 (OEPUSEON&Y) 
1 ? *a 
’ 0 IS NUMBER IS TO B: PUNCHED 
,lJ< -:OLS. 3-6 ON ALL CARDS) 

WELL COMPLETION REPORT 
FILL IN THIS FORM COMPLETELY 

PLEASE PRlNT OR TYPE 

I 

STATE ;HE KIND OF FORMATION5 
PENETRATED, THE 
TtMxNESS AND II 

IESCRIPTION (Use 
‘wonal Sheets 11 needed 

irface soil. 
be sand 
: rkyellabsh 
: ange w/silt, 
:‘lay 

CIRCLE APPRl 
A WELL WAS ASA, 
WHEN THlS WELL 

t ELECTRIC LOG OBTAINED 

,, TEST WELL CONVERTED TO PRODUCTION 

S-E SUPER”,SOR (rip” 0, driller or ,aurneyman 
rt mnsible tar sitework if different tram permittee 

>.w 

SECTION 

“0. OF SAGS ~~ ~ NO OF POUNDS --- --- 

!I--- 

from 
GRAVEL PACK, -30 ‘I3 I -16 
IF WELL DRILLED WAS - 
ROW,NG WELL INSERT I I 
FINEOX 

OEP “SE ONLY 
(NOT TO BE FILLED IN BY DRILLER) 

T ,E.R.O.S., WQ 

cl 
TELESCOPE 
CASING 

,I 75 76 
cl 1777 

LOG OTHER DATA 
INDICATOR 

-LOT 

2 
PUMPING TEST __-. 

HOLIRS PUMPFD (“aares, hour, III 

PUMPING RATE (gal. per min. mi 
lo nearest gal., 11 15 
METHOD USED TO 
MEASURE PUMPING RATE I 

WATER LEVEL (dostance from land surface) 

BEFORE PUMPlNG 

WHEN PUMPlNG 
Pa 

TYPE OF PUMP USED lfor ,es,b 

DRILLER W,LL INSTALL PUMP 
(CIRCLE) (YES or NO, 

YES Gz 

IF DRlLLERINSTALLSPUMP.THlSSECTlON 
MUST SE COMPLETED FOR ALL WELLS 
FXCFPT HOMF USE ___ _---- 
TYPE OF PUMP ,NSTALLED 
PLACE (A.C.J.P.R.S.T,O) 
IN BOX.SEE ABOVE: 

CAPACITY: 
GALLONS PER MINUTE 
(IO nearest gallon, [1111 

PUMP HORSE POWER 
rl 

PVMP COLVMN LENGTH 
poerest ‘1) 3 

G HEIGHT (circle appropriate box 

a 

6 

we 

I 

and enter casing height) 

LAND SURFACE 

LOCATION OF WELL ON LOT 
SHOW PERMANENT STRUCTURE SUCH AS 
BUILDING, SEPTIC TANKS, AND/OR 
LANDMARKS AND INDICATE NOT LESS 
THAN TWO DISTANCES 
(LIEASUREMENTS TO WELL) 

(2(;w3) 
-iI 



Well Installation Narrative 

PI-eject: Bainbridge Naval Training Center (NTC) 
Well: 2GW-4 
Date: January 28, 1988; February 12, and 15-18, 1988 
Ohservers. Timothy J. Baker. Hydrogeologist: 

Jeff Flanzenbaum, Hydrogeologist; 
Dennis Papa, Hydrogeologist 

Monitoring well 2GW-4 was installed on February 18, 1988 

approximately 150 feet south of a former oil separator pit and 700 feet 

north of State Route 222 as shown on Figure 2-8. Access to the location 

is via a dirt path which runs adjacent to Building 53 and exits at Davey 

Road near the Sewage Treatment Plant. The well was drilled by advancing 

an E-Inch diameter hollow srem auger until refusal occurred at the joy oL 

bedrock at a depth of 22.5 feet. Split spoon samples were collected at 

S-foot intervals in the soprolire overburden. The saprolite was composed 

of yellow-grey and dark yellowish-orange weathered gneiss with black and 

green gneissic banding. Saturated conditions were encountered at a 

perched zone at a depth of 6 to 9 feet. This perched zone occurs in sandy 

clay and silts immediately overlying the dry saprolite. 

Bedrock was cored from a depth of 23.0 feet to 25.0 feet using a 

3-inch diameter diamond core bit while circulating fresh water. Bedrock 

consisted of dark yellowish-orange Port Deposi't Gneiss with distinct 

water-bearing fractures at depths of 23.8 feet and 24.3 feet. The 

fractures were lined with orange iron oxides and yielded a significant 

amount of orange-stained water. Following coring, the borehole was reamed 

to bedrock with 12-inch diameter augers. Drilling then resumed with a 

7.5/E-inch diameter air hammer bit down to 24 feet, to provide a 1.5.foot 

section of bedrock into which was seated a conductor casing to seal off 

the perched water zone. This conductor casing was constructed of a 

25.46-foor length of 6-inch diameter schedule 40, type 304 stainless steel 

with a stick-up length of 1.46 feet above ground surface. The casing was 

seated into bedrock with a 1.5-foot thick anal formed with l/h-inch 



Bainbridge Naval Training Center 
Well Installation Narrative 
Monitoring Well ZGW-4 
January 28, 1988; February 12, and 15-18, 1988 
Page Two 

bentonite pellets, and the remaining annulus grouted with a 5% bentonite 

and cement slurry. The grout was added by tremie pipe and was brought to 

a depth of 3 feet below ground surface. Once the seal and grout had set, 

drilling resumed with a 5-7/8-inch air hammer bit through the bentonite 

seal and down to a final depth of 29 feet. The interval from 24 beet to 

29 feet remains as an open borehole in competent, fractured bedrock. The 

borehole was purged with air for 40 minutes LU inducr. wdfer flow into the 

well and to remove suspended sediments. The well water cleared 

considerably after purging. 

A 5.foot long, 8-inch diameter steel protector casing with a locking 

cap was cemented over rhe well casirlg *nd surrounded by a S-foot by S-foot 

square, 6.inch thick concrete pad with a steel bumper post at each 

cor*cr The well casing, prorector casing and concrc~e pad were surveyed 

relative to sea level on March 4, 1988 using a USGS bench mark as an 

initial reference point. To facilitate identification, the well protector 

casing was painted international orange and labeled with a well tag 

bearing the Maryland State Permit Number CE-81-3611. 

On February 29, 1988 the well was developed by pumping and surging 

with a submersible pump. Approximately 390 gallons of water was purged 

from the well. Development water was discharged a minimum of 25 feet 

downgradient from the well. In-situ measurements of pH, specific 

conductance, and temperature were recorded periodically. Development 

continued until in-situ parameters had stabilized and water clarity 

remained constant. Final depth to water in the well, measured on 

March 15, 1988, was 7.83 feet below the well casing. 
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NUMBER 

PERMlT NO 
FRO,., “PERMIT TO DR,LL WELL’ 

S, 3DIVISION 
WELL LOG 

STATE THE K,ND OF FORMAT,’ 
PENETRATED, THE,R COLOR, I 
THlCKNESS AND IF WATER SE 

Surface soil 
rlrderate 
> llowishb- 
s--Y C-Y 
W/roo~, sand 

Ii ;aprol.ite 
%issic 
: titions 
kll-Sorted 
myfine-gr&lC 
anddark 
dladshbram- 
xxk fragments 

5’ 

VrlC Cepsit 
: ziss 
! UiMticms 
:ractured angulz 
:' 3&s w/mica, 
~3rtzfeldSpar 

CIRCLE APPR( 
A WELL WAS ASAh 
W,,EN TH,S WELL 1 

FE - 
gJ 

0' 

8’ 

1 
I 

8 

2 

!2.! 52 

1 
3IATE LETTE 
)NED AND S 
s COMPLET 

t ELECTRIC LOG OSTAlNED 

n TEST WELL CONVERTED TO PRODUCTION 

- SECTION 

WELL HAS SEEN GROUTED 
(Crcle Appropmle Box, 

TYPE OF GROUTING MATERIAL 

I5 .h 

,O. OF SAGS --NO OF POUNDS ~-- 

,ALLONS OF WATER 
8EPTH OF GROUT SEAL 00 “eared f001, 

OTHER CASING 111 used) 
diameter depth ,teet, 

Inch ,rcml IO 

jl I I--- ‘- 
LLJ1-II 

screen lwe SCREEN RECORD 

SLOT SIZE I- 2- 3-- 

:$$;:,“N m ‘i,%?= 

from to 
JRAVEL PACK, I I 
,F WELL DRILLED WAS 
FLOWING WELL lNSERT 
FINSOXSS &I 

3EP “SE ONLY 
;NOT TO SE F,LLED IN BY DRILLER) 

T IE R as., wo 

TELESCOPE 
CASING 

LOG OTHER DATi 
INDICATOR 

-LOT 

,OURS PUMPED ,“eQreSt hour) 

‘UMPING RATE (gal per ma” 
0 ne*re*, gal., 

AETHOD USED TO 
“EASURE P”MP,NG RATE 1 

VATER LEVEL (dostance IlQm land $urlaCe, 

3EFORE PUMPING 

WHEN PUMPING 

rYPE OF PUMP USED (for test, 

/M&c/, “K.-Jr 

PUMP lNSTALLED 

,R,LLER W,LL ,NSTALL PUMP 
CIRCLE, (YES or NO, 

YES a 

F DRlLLER INSTALLS PUMP, THIS SECTION 
UUST SE COMPLETED FOR ALL WELLS 
EXCEPT HOME USE 
WPE OF PUMP lNSTALLED 
‘LACE (A.C.J.P.R.S.T.01 
N BOX.SEE ABOVE: 

;APACITY 
ZALLONS PER MINUTE 
IO nearest gallon, 

PUMP HORSE POWER 

m 

PUMP COLUMN LENGTH 
:“ooroo1 Il., Q--=2? 

(c,rc,e a~propriale box 
and enter casing helgh,, 

LANDSURFACE 

k 
LOCATION OF WELL ON LOT 

SHOW PERMANENT STRUCTURE SUCH AS 
BUILDING. SEPTlC TANKS, AND/OR 
LANDMARKS AND INDICATE NOT LESS 
THAN TWO DISTANCES 
(MEASUREMENTS TO WELL) 

at 

ORIGINAL 



Well Installation Narrative 

h-o,ect: tlalnbrldge Naval Training Center (NTC) 
Well: 2GW-5 
Date: January 21 - 22, 1988, January 26, 1988 
Observers: Jeff Flanzenbaum, hydrogcologist 

..-_________________----.... 

Monitoring well 2GW-5 was installed on January 26, 1988 alongside 

Happy Valley Creek hydraulically downgradient of the oil separator pit 

(Figure 2-8). This well represented the furthest downgradient monitoring 

well emplaced at the oil separator pit site. The well location is 

approximarrly 10 feer west: of rhe creek alongside a former sewage 

treatment facility roadway. The well was drilled by advancing an B-inch 

diamcrcr hollow-stem auger until refusal occurred at the top of bedrock at 

a depth of 12.5 feet. Split spoon samples were collected at depths of 5 

and 10 feet. A gravel zone was encountered from 11.5 feet to 12.5 feet, 

and ground-water was present within the saprolite at approximately 5 feet 

below ground surface during drilling. 

Air rotary drilling within 7-5/8-inch diameter rotary bit proceeded 

to 15 feet below grade. approximately 2.5 feet into competent bedrock. A 

6.inch diameter PVC conductor casing was set into the bedrock at 15 feet. 

One foot of bentonite pellets was placed at the bottom of the hole prior 

to insertion of the conductor casing. The remaining annulus was grouted 

by tremie pipe with a 5% bentonite/cement slurry to 3.5 feet below ground 

surface. Once the seal and grout had set drilling resumed with a 

5-7/8-inch hammer bit through the bentonite seal and down to a final depth 

of 23 feet. The interval from 15 to 23 feet below ground surface remains 

as an open borehole in competent, fractured bedrock. 

A 5.foot long, B-inch diameter steel protector casing with a locking 

cap was cemented over the well casing and surrounded by a 5-foot by 5-foot 

square, 6.inch thick concrete pad with a steel bumper post at each 

corner. The well casing, protector casing, and concrete pad were surveyed 

relative CO sea level on March 4, 1388 using a U.S.G.S. bench mark as an 



Bainbridge Naval Training Center 
Well Installation Narrative 
Monitoring Well 2GW-5 
January 21 22, 1988, January 24, 1988 
Page Two 

initial reference point. To facilitate identification, the well protector 

casing was painted international orange, and a State of Maryland well tag 

[permit number CE-81-36121 was affixed to the protector casing. 

On February 29, 1988, the well was developed by pumping and surging 

with a submersible pump. Approximately 265 gallons of water were purged 

from the well and discharged a minimum of 25 feet downgradient of the 

well. In situ measurements of pH, specific conductance, and temperature 

were monitored and recorded periodically. Development continued until in 

situ parameters had stabilized, and water clarity remained constant. 



WELL CONSTRUCTION RECORD 

PROJECT: ?fXnbi’ arc Y JO8 NUMBER SO&S- 5.6 

GROUND ELEVATION: (pa&i =43. o ’ 
DATE INSTALLED: SlSI 16s .IZLl88 WELL CASING ELEVATION: 243. ‘73 

FIELD REPRESENTATIVE: ‘- -F’snun-m PROTECTOR CASING ELEVATION: za-4. 33 
DRILLING CONTRACTOR: 3’ *<a;. IHhu Tihr. 

DRILLER: lb& !-42VQ UCENSE NO. ==b 
LOCATION SKETCH 

DRILLING METHOD: &“~*-~~ ! f=+c uamclu 
RIG TVPE: v-oa.\e Bb\ 

CONDITION OF GROUND SURFACE: =v-*Ss ! id- - 
FORMATION SCREENED: T*,* ‘he-.;) c--Kss -- --’ 

-=- -... 

QJ,er I I21 I 
u 

-rr; - co”L 7 S/e *I TIME LOG 

DRILLING 

PROTECTOR, CASING & SCREEN RECORD “Tjz 
0630 I, 00 

CASING 
r 2.45 ,700 

<F : IILL 0 0 0 0 30 

DESCRIPTION “: co L* 
FILTER PACK 4 AlA d/A 

52 OZ SEAL ,530 n= +-I : +* 2 J/72- 
GROUT 

,I+0 

DEVELOPMENT 
I/27- S-LOO ,330 

%44A\e 40 ~CC&&,C 6” Ib.+L +I.42 -IS SURVEY zlr‘? OBOO /3zs 
3/4 - - 

Cad) 57 e” -23.03 
Is+ 

o~b-bk e.e, -1s OTHERssnq3 3Jr-s /430 153.5 

GROUND WATER LEVELS 

A” 5 ‘1.8’3 -S.l? DURING DRILLING: 

COMPLETION MATERIALS RECO 

DESCRIPTION 

l DEPTH FROM GROUND SURFACE 



WELL CONSTRUCTION DIAGRAM 

PROJECT: &fib: - A-rc- 

OCATION. o:\ u srosra, w-t 
lELL NUMBER: z*LA-7 

dATE INSTALLED: I-L‘ -88 

JOB NUMBER: Sobs. 3. b 

ELEVATION: 243.93 

IJGROUND IdASING q PROTECTOR CASING 
q ABOVE GROUND LEVEL f3hOVE MEAN SEA LEVEL 

I 

,RO 
Cl 

- 

Z? 

D’: 

LOCKING WELL CAP 

DEPTH TO 
BED 

3’ 

:: 

- 

ICK 

t 
SEAT 2.5-o 

LENQTHI 

D‘rw’sC skri PROTECTOR CASING DESCRlPTlON 

SURFACE 

/ GROUT TYPE - 

GROUND SURFACE 

4 
3.5’ DEPTH 

+ 

CONDUCTOR CASING 

HOLE DIAMETER 12” 
II 

CASINO DIAMETER 6 

CASlNQ TYPE - 40 TvL 
CASINO LENGTH lb.4iL’ 

lb.42 
CASINO 
LENGTH 

HOLE DIAMETER 75/sl( 

SEAL TYPE b”hn;k 

SEAL LENGTH 11 I 

OPEN 
LENGTH 



PROJECT: ink-c: k Prl-c---- 
LOCATION: 0:’ s--u ‘p‘& 
BOREHOLE NUMBER: 2ikbks 
,,/,TE DRILLED. +mbb: ,/rZba : ~/U&8 
FIELD REPRESENTATIVE:-S: ~Iwu*‘-- 
;I;~;;: C~q~ACTO~,~e~? I*-‘- ?= 

DRILLING METHOD: WJ.3~~ + 1 Rr h*d 
HOLE DIAMETER: ,z *’ 3 &,*-I 

GROUND ELEVATION: b-j 243.0’ 
CONDITION OF GROUND SURFACE: q-r= 

& L GY 

1 
I 

GEOLOGIC LOG 

JOB NUMBER: Set&.. 3.6 

.OCATION SKETCH 

SAMPLE DESCRIPTION 

(SOIL OR ROCK TYPE, COLOR, GRAIN SIZE, SORTING, 
ROUNDNESS, PLASTICITY, MOISTURE CONTENT, TRACE 

MATERIALS, ODOR, STAINING, TRACE GAS READINGS) 

PAGE 3 OF 3 



I 

I 23 
IWIS NUMBER IS TO B: PUNCHED 

WELL cI”wlrLcII”N rrcrun, 
4 COLS. 36 ON ALL CARDS, 

FILL IN THIS FORM COMPLETELY COUNTY 

PLEASE PRINT OR TYPE NUMBER Test Well Bainbridge 

I PERMIT NO 

WON ~ 

y& 
NOI requwea I 

STATE THE KlND s 
PENETRATED, TH, 
THICKNESS AND I 

~ESCRIPT,ON (use 
~ddltlonal She&S If “eedec 

Surface soil 
3ark yellwish 
orange clayey 
Silt, w&l-soti 
Y/Sand 

japrolite 
ineissic 
lamhatia 
rell-sorted 
cry fine-grsin 

sanddark 
vellmish bm 
'racturedrcck 

~1.5 - 12.5 

Cepsit 
ZlSiSS 

neiss 
aminaticns 
tractured 
qulil.r ClaStE 
/mica, quartz 

.elds par 

CIRCLE APPRC 91ATE 
D. A WELL WAS ABAN ,NED 

9 
0’ 0’ 

I 

8' 
p: 

12.5 23 

LE 
ANI D SEALED 

’ 1 

Cflrrl 
k%E - 

J 

J 

WHEN THIS WELL WAS COMPLETED 

- ELECTRIC LOG OBTAINED 

p TEST WELL CONVERTED TO PRODVCTlON 
INFI I 

ITE SUPERWSOR (sign. Of driller or ,ourneyman 
wmslble for sitework if different frOm wrmlttee) 

PZll,l 
first name 

TOWN 

bH0t.l “PERMIT TO DRILL WELL” 

SECTION 

Gw”TlNG RECORD 
WELL “AS BEEN GROUTED 
(Cmle Approwate Box, 

TYPE OF GROUTING MATERlAL 

Pnrt wei+ 
I 

-LOT 

NO OF BAGS -mmmNO OF POUNDS _:m: 
GALLONS OF WATER 
DEPTH OF GROUT SEAL (lo mares! loo,) 

MAIN Nommal dmnefer Total deplh 
CASING top (ma,“, cas,“~ 01 man cas,ng 

TYPE warest Inch) (nearsst ,oot, 

j 
OTHER CASING (I, used\ 

dmmeter depth (feet) 

&?$:N m ‘CT &?$:N m ‘CT 

mm mm 10 10 
iRAVEL PACK, ,, , iRAVEL PACK, ,, , 
r WELL DRILLED WAS r WELL DRILLED WAS 
LOWING WELL INSERT LOWING WELL INSERT n 
IN BOY 68 9 

IEP USE ONLY 
IOT TO BE FILLED IN BY DRILLER) 

IN BOY 68 * 

IEP USE ONLY 
IOT TO BE FILLED IN BY DRILLER) 

,ob 

(E.R.O.S.) 

a & 
ELESCOPE LOG OTHER DATA 
ASING INDICATOR 

1 2 
PUMPING TEST 

HOURS PUMPED (nearest hour) 

PUMPING RATE (gal per ma”. 
to nearest (la,., 
METHOD U-SE; TO 
MEASURE PUMPING RATF I 
WATER LEVEL (dostance from land surface, 

BEFORE PUMPING 
LI 

WHtN PUMPING 
cm -- __ 

TYPE OF PUMP USED (for test, 

DRILLER WILL INSTALL PUMP 
(CIRCLE) (YES or NO) 

YES NO 
G 

IF DRILLER INSTALLS PUMP, THfS SECTION 
MUST BE COMPLETED FOR ALL WELLS 
EXCEPT HOME USE 
TYPE OF PUMP INSTALLED 
PLACE ,A.C,J.P.R.B.T.O, 
IN BOX-SEE ABOVE: 

LANDSURFACE 

LOCATION OF WELL ON LOT 
SHOW PERMANENT STRUCTURF SUCH AS 
BUILDING. SEPTIC TANKS, AND,OR 
LANDMARKS AND INDICATE NOT LESS 

d (2CW-5) 

ORIGINAL 
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M"NIT"RINti WELL SURVEYING DATA 



Frederick Ward Associates klC. Engineers 9 Architects l Surveyors 

p.0. Box 310 l 5 Sourll Main Street, Eel Air, Maryland 21014 - (301) 838-7900 - 879-2090 

ELEVATIONS FOR MONITORING WELLS 
BAINBRIDGE NAVAL TRAINING CENTER. CECIL CO. 

WELL NO. 
1 GW 1 

1 cu 2 

1 cu 3 

1 cw 4 

1 GW 5 

296.77 outer casing @ Notch 

295.20 a -Cut @ Cont. Base 

244.78 Inner Casing @ Notch 

244.74 Outer Casing @ Notch 

242.98 0 -Cut @ Cone. Base 

229.48 Inner Casing @ Notch 

229.30 Outer Casing @ Notch 

227.43 U -Cut @ Cone. Base 

250.70 Inner Casing @ Notch 

250.92 Outer Casing @ Notch 

209.48 a -Cut @ Cone. Base 

198.46 Inner Casing @ Notch 

198.23 Outer Casing @ Notch 

196.46 X-Cut @ Conc..Base 

DESCRIPTIONS 
Iniier Casing @ Notch 



Frederick Ward Associates Inc. Engineers . Architects l Surveyors 
P.O. Box 310 . 5 South Main Street, Bel Air, Maryland 21014 * (301) 838-7900 l 879-2090 

ELEVATIONS FOR WNITORING WnLS 
BAINBRIDCE NAVAL TRAINING CENTER. CECIL CO. 

WELL NO. 
2 GW 1 

2 cw 2 

2 cw 3 

2 cw 4 

2 GW 5 

ELEVATIONS 
266.37 

266.56 

265.13 

251.90 

252.28 

249.76 

257.05 

257.02 

254.77 

248.02 

248.32 

247.06 

243.93 

244.33 

243.01 

DESCRIPTIONS 
Inner Casing @ Notch 

Outer Caslnp @ Notch 

0 -Cur @ Cont. Base 

Inner Casing @ Notch 

Outer Casing @ Notch 

0 -cut e Cont. Base 

Inner Casing @ Notch 

Outer Casing @ Notch 

0 -Cut @ Cont. Base 

Inner Casing @ Notch 

Outer Casing @ Notch 

0 -Cut @ Cont. Base 

Inner Casing. @ Notch 

Outer Casing @ Notch 

0 -cut e Cont. Base 



APPENDIX C 

HAZARD RANKING SCOKE 



HRS COVER SHEET 

Facility Name: Bainbridge Naval Training Center (NTC) 

Jslcatio”~ Route 222. Port Deposit. Cecil County,, Maryland 

EPA Region: III 

Person(s) in Charge of Facilitv: Mr. John Kresky 
Atlantic Division 
Naval Facilities Engineering Command 
Norfolk, Virginia 23511 

Name of Reviewer: Dennis Papa - Versar, Inc 

w: 10/26/88 

The Bninbridge NTC is a former U.S. Naval training center located on 
a 1,200-acre tract near Port Deposit, Maryland, on the northern bank of 
the Susquehanna River. The facility is bounded on the north and east by 
rural residential area, on the west by State Route 276, on the southeast 
by U.S. Route 222, and on the south by the Town of Port Deposit and the 
Susquehnnna River. 

The Bninbridge NTC was constructed in 1941 as a training facility 
for World War II Navymon. The facility was partially deactivated shortly 
after World War II and maintained minimal activity until finally closing 
in the early 70s. A portion of the facility currently houses a 
Department of Labor-sponsored youth job training program (RCA Job Corps) 
of approximately 300 students and 200 staff. 

In 1987, Versa-, Inc. (Versar) was contracted by the U.S. Navy to 
initiate an Installation Restoration Program (IRP) at two locatIons at 
the facility suspected of having environmental contamination resulting 
from past Naval operations. The two locations are a former on-base 
sanitary landfill and au uil xpararor pit. The landfill accepted 
sanitary wastes generated by the facility and was also used to dispose of 
building debris and unused pesticides. The oil separator pit is an 
unlined catchrnent basin used to contain WRS~P oil runoff from past 
firefighting training operations. Versa investigated ground water, air, 
soil, and surface water at both locations and discovered evidence of 
pesticide runoff in the ground water and surface water at the landfill 
area. No significant contamination was discovered at the oil separator 
pit location except for evidence of oil residue in a small drain ditch 
next to the pit. 



HRS COVER SHEET - BAINBRIDGE NAVAL TRAINING CENTER (NTC) 

General DrscriDtion of the Facilitv (continuedl: 

Rrrause fuel oil or waste oil is not scoreable under the HRS, and 
sampling and analysis conducted during Versar’s investigation, did not 
reveal contaminants in the ground water or surface water at the oil 
separator- pit location, this HRS Scoring evaluates the landfill area only 

The contamination routes of concern at the landfill area are ground 
water and surface water. Observed releases were noted in both routes. 
Ground water is used for drinking water by approximately 4,283 persons 
residing within a 3-mile radius of the landfill. The majority of these 
residents are located upgradient from the landfill. There are no known 
walls locarcd directly downgradient from the landfill which are currently 
used for drinking water. Surface water contamination was noted in a 
drainage sfream flowing near the landfill, however the drainage stream is 
not used for drinking water or other purposes. A surface water intake 
which provides drinking water for approximately 1,167 persons is located 
on the Susquehanna River approximately 0.9 miles from the landfill. 

Scores. -. SM = 35.03 (Sgw = 41.84, S,, = 43.85, S, = 0) 

‘FE = N/A 

sot =o 



FIGURE 2 
GROUND WATER ROUTE WORK SHEET 



9 Roule Chsractcrlslica 4.2 I 
F~ac~i&Slope and lnlervenlrq 0123 1 5 

1-y,. 24.hr. Rilnlall 0123 1 3 

D$idm;e to Nerrcsl Sut-h~ 0123 2 6 

Ptlyslcal Sl41@ 0 1 2 J 7 3 

lolaI Route Characlerislics Score hJ4 ‘5 

3 3 Con:ainmcnl 0123 1 
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3 W~SIC Cnaraslcriolicr 4.4 
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I Tcdal WPSIC Characlcristics Score 
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Dislrncc I0 a scnsilke 23 2 6 

EnrC~nmw%l 

Populalion ScfvcdlDiSlanc4 1 
IO Waler Inlake 
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D~woslrsrm 30 3235 40 

FIGURE 7 
SURFACE WATER ROUTE WORK SHEET 





Groundwaler Route Soore (Sgw) 

Surface Waler Rowe Score (Ssu) 

Air RouIe Score (5.) 

I S 
I 

S2 

y/.w 
I 

1,750, 59 

43. 85 
I 

I,9 =.82 
I 

I 
0 

I 
0 

WORKSHEET FOR COMP’JTlFiG SM 



TOtal wasw chwaclcrlsliCs score 4 20 
El mpetr 7.3 

Dirlance lo Neared 012345 1 5 
Populrlkn 

D,tmnce 10 NC.resl ot2a 1 3 
Building 

Distance k Sensiliw 0123 1 3 
Enrironmant 

Land use 0123 1 3 
Population Wilhk 012345 1 5 

P-Milt Radius 
Buildinos Wilhln 012345 1 5 
2-Mile Radius 

q Divide line q by 1.440 and multiply by 100 SFE’ FJ 

FIGURE 11 
FIRE AND EXPLOSION WORK SHEET 



Mrect contJct work Shem 

Wing Factor 
I 

*rJlgned VJIW net. 
(Clrclo Onel ;;z score MU. 

scorr 1sectionl 

g Dbsm-vmd lncldmt @ 4s 1 0 45 1.1 

II Ilne q Is 45. proceed to lim q 
I f  II”, a 1s 0. DrO.X& IO ti”. q 

zl AccesslbllltY 0 0122 1 0 3 5.2 

9 CenlJinmeM 0 0 1 15 ‘5 a.3 

3 Wwc CharaeteristiCI 
TOXlClty 0 1 P@ 5 IS 1s 5.4 

P -hQWS 5.5 
PODUlJliOn Wlthin I 0 012345 4 0 7.0 

I-Mtlc nJdl”J 
Distance to 5 0 0123 4 0 ‘2 
Crttiul HabUt 

FIGURE 12 
DIRECT CONTACT WORK SHEET 



DOCUMENTATION RECORDS 
FOR 

HAZARD RANKING SYSTEM 

INSTRUCTIONS: The purpose of these records is to provide a convenient 
way to prepare an auditable record of the data and documentation used to 
apply the Hazard Ranking System to a given facility. As briefly as 
possible summarize the information you used to assign the score for each 
factor (e.g., "Waste quantity = 4,230 drums plus 800 cubic yards of 
sludges"). The source of information should be provided for each entry 
and should IJC d bibliographic-type reference Lhat will make the document 

used for a given data point easier to find. Include the location of the 
document and consider appending a copy of the relevant page(s) for ease 
in review 

FACILITY NAME: Bainbridne Naval Trainine Center 

LOCATION: Port Deposit. Cecil Countv. Marvland 



GROUND WATER ROUTE 

1 OBSERVED RELEASE 

Contaminants detected (5 maximum): 

Chlorobrnzene 
Trans.l,L-Dichloroethene 
Rcferrnce 1 

Rationale for attributing the contaminants to the facility: 

The above contaminants have been detected in two of rhe five on-site 
monitoring wells installed around the base landfill area during 
three consecutive sampling events as part of Versar's remedial 
investigation at Bainbridge NTC (Reference 1). (Five moniroring 
wells were also installed around the oil separator pit location, 
however analysis of water samples from these five wells did not 
reveal any identifiable contamination. The only substance 
identified to have been disposed at the oil separator pit 1s fuel 
oil, which is not scoreable under the HRS - see Reference 16.) The 
two landfill wells that showed contamination, lGW-3 and lGW-5, are 
locarrd directly dowrlgladir"t from the landfill. As the table on 
the next page indicates, chlorobenzene was detected in well lGW-3 
(located less than 1,000 feet directly downgradient from the 
landfill) and well lGW-5 (approuimarely 1,600 feet downgradient from 
the landfill), while trans-1,2-dichloroethene was detected in well 
lGW- 5 only. No contaminants were detected in a background well 
(lGW-1) located several hundred feet upgradient of the landfill. 
Well locations are depicted in Figure 2-l of Reference 1. 

The contaminants detected in these wells are suspected to have 
entered the local ground water as a result of past dumping of 
pesticides at the base landfill (Reference 1). The following 
pesticides (liquid and solid form) are suspected to have been poured 
illcv pits or buried at the landfill (References 1 nnd Y: 
Reference 2, page 9). 

Aramite 15-e (Mirriride) 60 lbs 
BHC 11X E.C. 150 gal 
Black Leaf 40 (Nicotine Sulphate) 60 gal 
Captan 50 W.P. 110 lbs 
Copper Sulphate 20 lbs 
DDT 25X E.C. 350 gal 
DDT 20X O.S. 350 gal 
DDT 5X O.S. 100 gal 
Ferhnm 20 lbs 



Karathane no lbs 
Red Squill 15 lbs 
Ryanid 60 lbs 

Contaminant Concentrations Detected in Landfill Monitoring Wells 

Sampling Round/ 
Date Contaminant 

lGW-3 lGW-1 
lGW-3 lGW-5 (upgradient) 

1 (3/16/X8) chlorobenzenr 270 82 <5 
trans-1.2.dichlororrhene <lO 5 <5 

2 (5/17/U) chlorobenzene 350 82 <5 
trans.1,2-dichloroethene <20 5 <5 

3 (7/26/8X) chlorobenzene 290 160 <5 
trans-1.2-dichloroech~n~ <5 11 <5 

Concentrations in pg/l 

A valus of 45 was assigned (References 1, 2, and 9) 

2 ROUTE CHARACTERISTICS 

Depth to Aquifer of Concern 

Name/description of aquifers(s) of concern: 

Ground water at the study area occurs in the fractures and joints of 
the Port Deposit Gneiss, which underlies the entire Bainbridge NTC 
facility (References 1, 14, and 16). 

Depth(s) from the ground surKace to the highest seasonal level of the 
saturated zone [water table(s)] of the aquifer of concern: 

N/AQ 

Depth from the ground surface to the lowest point of wa.ste disposal/ 
storage: 

N/A 

;kNA = Not Applicable 



Mean annual lake or seasonal evaporation (list months for seasonal): 

N/A 

Net precipitation (subtract rhe above figures): 

N/A 

Prrmeahilitv of Unsaturated Zone 

Soil type in unsaturated zone: 

N/A 

Permeability associated with soil type: 

N/A 

J'hvsical State 

Physical state of substances at time of disposal (or at present time for 
generated gases): 

N/A 

3 CONTAINMENT 

Containment 

Method(s) of waste or leachate containment evaluated: 

N/A 



Method with highest score: 

N/A 

4 WASTE CHARACTERISTICS 

Toxicity and Persistence 

Compound(s) evaluated: 

1) Chlorobenzene 

Chlorohrnzene has a matrix score of 12 (Ref 10, 47FR31229) 

Hazardous Kastc Ouantitv 

Total quantity of hazardous substances at the facility, excluding those 
with a cot~tninment score of 0 (Give a reasonable estimate even if 
quantity is above maximum): 

The total quantity of pesticides dumped at the landfill is not 
known, however Navy records (References 2 and 9) indicate that at 
least 365 pounds of dry peslicidos alld 1,010 gallons of liquid 
pesticides were dumped at the landfill around 1968. The score was 
then based on the following mass conversions (47FR31229): 

1 ton = 2,000 pounds = 4 drums 
1 drum = 50 gallons 

therefore: 

365 pounds = 0.73 drums 
1,010 gallons - 20.2 drums 

Total 20.93 drums = 21 drums 

A valur uf 1 was assigned (47FR31229) 



Basis of rbtiwating and/or computing waste quantity: 

WasLr quanLiLies wr~r rstiruatrd bdbrd OLI tlrr quantity of pesticides 
and chemicals known to have been dumped at the landfill, as reported 
in References 2 and 9. 

5 TARGETS 

Use(s) of aquifer(s) of concern within a 3-mile radius of the facility: 

Within a 3-mile radius of the facility the aquifer of concern is 
used as a potable water source by all residents using private wells 
(Reference L). The nearest alternative s~~pply for wnrcr in the Port 
Deposit Water Tank Reservoir on Route 276 in Port Deposit 
(Reference 1, Section 1.3.2; Reference 5). Residents within the 
city limits of Port Deposit and the RCA Job Corps obtain drinking 
water from this source. 

A value of 2 was assigned 

Distance to Nearest Well 

Location of nearest well drawing from aauifer of concern or occupied 
building not served by a public water supply: 

+&,J - sd* 
The nearest occupied building not/served by a public water supply is 
a farm house located on the\eastern)side of State Route 276. to the 

-ws-r of the base landfill disposal area (References 5 and 6). 
w+- 

Distance to above well or building: 

The distance between the nearest occupied building and the base 
landfill disposal area is approximately 600 feet (Reference 6). 

A value of 4 was assigned for distance to nearest well 



Powlation Serwd hv Ground Water Wells Within R 3-Mile Radius 

Identified wc+ier-supply well(s) drawing frvrr~ *uuifal(b) uf LULK:IIII witllil! 
a 3.mile radius and populations served by each: 

Within the X-mile radius study area, 1.127 homes have been 
identified which use the aquifer of concern as a potable water 
supply (Reference 6). The population served by ground water is: 

1,127 homes s 3.8 persons per home = 4,283 

Computation oi land area irrigated by supply well(s) drnwlng tram 
aquifer(s) of concern] within a 3-mile radius, and conversion to 
population (1.5 people per acre): 

Ground water is not used for irrigation within the 3.mile radius 
area (Reference 4). 

Total population served by ground water within a 3-mile radius: 

4.283 persons 

A value of 4 was assigned for population served 

A matrix value of 35 was assigned 



SURFACE WATER ROUTE 

1 OBSERVED RELEASE 

Contaminants detected in surface water at the facility or downhill from 
it (5 maximum): 

Heptachlor 
alpha-chlordane 
gamma-chlordane 
4.4'-"LY‘ 
4.4.'DDE 

Rationale for attributing the contaminants to the facility: 

The above contaminants have been detected in stream sediment samples 
collected from two locations in a drainage stream flowing in a 
downgrodirnt (south) direction east of the landfill area 
(Reference 1, Sections 2.1.4 and Figure 2-l). The samples were 
collected and analyzed on 3 occasions in conjunction with Versar's 
remedial investigation (Reference 1). Sample lSED-1 was collected 
at a point in the stream approximately 800 feet southeast of the 
suspected pesticide disposal area in the landfill. Sample lSED-2 
was collected further downstream at the point where the stream 
crosses State Route 276, approximately 2,000 feet directly 
downgradirnt from the pesticide disposal arca. Water samplrs wcrr 
also collected at these same locations. Water sample lSW-1, 
corresponding to sediment location lSED-l,econtained low levels of 
some pesticides during the third (most recent) round of sampling. 
while water sample lSW-2 (from lSED-2 location) did not show any 
contamination. Specific contaminant concentrations for water and 
sediment samples. collected on July 25, 1988 (latest round of 
sampling) from the landfill area stream are shown below 
(Reference 1). 

LOCaciO" 
Surface water Sediment 

Contaminant 1sw-1 1sw-2 lSED-1 lSED-2 

Heptachlor 0.20 <0.05 38 47 
alpha-chlordane 0.35 <O.lO 180 <34 
gamma-chlordane 0.22 <O.lO 260 <34 
4,4'-DDT ND ND 170 <34 
4,4,-DDE ND ND 95 <34 

Concentrations in pg/l for water and pg/kg for sediments 
ND = not detected. 

A value of 45 was assigned. 
* * * 



2 ROUTE CHARACTERISTICS 

Facility Slo~c and Inrcrvcnine Terrain 

Average slope of facility in percent: 

N/A 

Name/description of nearest downslope surface water: 

N/A 

Average slope of terrain between facility and above-cited surface water 
body in percent: 

N/A 

Is the facility located either totally or partially in surface water? 

N/A 

Is rhe faciliry completely surrounded by aceas of highrl rlevaLion? 

N/A 

l-Year 24-Hour Rainfall in Inches 

N/A 

Distance to Nearest Downslo~c Surtace Water 

N/A 

Phvsical State of Waste 

*** 



3 CONTAINMENT 

Method(s) of waste or leachate containment evaluated: 

N/A 

Method with highest score' 

N/A 

4 WASTE CHARACTERISTICS 

Toxicity and Persistence 

Compound(s) evaluated: 

Compound with highest score: 

All five compounds evaluated have matrix values of 18 
(Ref 10, 47FR31236). 

* matrix value of 18 was assigned 

Total quantity of hazardous substances at the facility, excluding those 
with a containment score of 0 (Give a reasonable estimate even if 
quantity is above maximum): 

The total quantity of pesticides dumped at the landfill is not 
known, however Navy records (References 2 and 9) indicate that at 



least 365 pounds of dry pesticides and 1,010 gallons of liquid 
pesticides were dumped at the landfill around 1968. The total known 
wdb~e qud.rltity was calculated to be equal to 21 drums (see "Ground 
Water Route," Section 4, page 4). 

Basis of estimating and/or computing waste quantity: 

Waste quantities were estimated based on the quantity of pesticides 
and chemicals known to have been dumped at the landfill, as reported 
in Rrterrnccs 2 and 9. 

5 TARCETS 

Use(s) of surface water within 3 miles downstream of the hazardous 
substance: 

The Town of Port Deposit has a surface water intake on the 
Susqurhanna K~ver that supplies drinking wawr for the Town of Pox 
Deposit and the Bainbridge NTC (used by the Job Corps 
Centrr)(Reference 5). The Susquehanna is used for boating and sport 
fishing (Reference 12). 

A value of 3 was assigned 

Is there tidal influence? 

The gauging station at the Conowingo Dam (4.5 miles upstream from 
Port Deposit) indicates the Susquehanna River is tidal downstream 
from the dam (Reference 12). 

Distance to a Sensitive Environment 

Distance to 5-acre (minimum) coastal wetland, if 2 miles or less: 

The topographic maps (References 6. 7, 8 and 8a) do not indicate a 
coastal wetland larger than 5 acres. 



Distance to 5.acre (minimum) fresh-water wetland, if 1 mile or less: 

The topographic maps (Rcfcrcnces 6, 7, 8, and 8a) do not indicate a 
fresh-water wetland larger than 5 acres. 

Distance to critical habitat of an endangered species 01 national 
wildlife refuge, if 1 mile or less: 

There are no critical habitats within 1 mile of the landtill 
disposal area. The bald eagle (Haliaeetus leucocephalus) may be a 
transient visitor to the area. 

A value of 0 was assigned for distance to a sensitive environment. 

Pooulation Srrved bv Surface Water 

Location(s) of water-supply intake(s) within 3-miles (free-flowing 
bodies) or 1 mile (static water bodies) downstream of the hazardous 
substance and population served by each intake: 

A Town of Port Deposit public water supply Intake 1s located on rhe 
Susquehanna River upstream from Port Deposit. The 667 residents of 
Port Deposit and the 500 residents of the Job Corps Center within 
the Bainbridge NTC ubtain their dl-inking water from this source. 

Computation of land area irrigated hy nhove-cited intake(s) and 
conversion to population (1.5 people per acre): 

No land is irrigated with water from the above-cited intakes 
(Reference 17). 

Total population served: 

1,167 people 

Name/description of nearest of above water bodies: 

Susquehanna River (Reference 6). 

Distance to above-cited intakes, measured in stream miles 

Approximately 0.9 miles (Reference 6) 

A matrix value of 24 was assigned for population srrvrd/distance to 
water intake. 



AIR ROUTE 

1 OBSERVED RELEASE 

Contaminants detected: 

No airborne contamination has been detected at the site. Air 
qunlitv readings taken throughout the site during the remedial 
investigation with an HNu photoionization detector and an OVA flame 
ionization detector were at background levels (Reference 1). 

s, = 0 

Date and location of detection of contaminants: 

N./A 

Methods used to detect the contaminants: 

Air quality was monitored at various' locations throughout the site 
during the remedial investigation using both an HNu photoionization 
detector and an OVA flame ionLzacion derecror. Readillgb icrnsli~zrd at 
background levels (Reference 1). 

Rationale for attributing the contaminants to the site: 

N/A 

2 WASTE CHARACTERISTICS 

Reactivitv and IncomDatibilitv 

Most rcacrivc compound: 

N/A 

Most incompatible pair of compounds: 

N/A 



Tosicitv 

N/A 

Hazardous Waste Ouantitv 

Total quantity of hazardous waste: 

N/A 

Basis of rstimating and/or computing waste quantity: 

N/A 

3 TARGETS 

Population Within 4-Mile Radius 

Circle radius used, give population, and indicate how determined: 

0 to 4 mi 0 to 1 mi 0 to l/2 mi 0 ro l/4 mi 

N/A 

Distance to a Sensitive Environment 

Distance to 5-acre (minimum) coastal wetland, it 2 miles or less: 

N/A 

Distance to 5-acre (minimum) fresh-water wetland, if 1 mile or less: 

N/A 

Distance to critical habitat of an endangered species, if 1 mile or less: 

N/A 



Land Use 

Distance to commercial/industrial area, if 1 mile or less: 

Distance to national or sfate park, forest, or wildlife reserve, if 
2 miles 01' less: 

N/A 

Distance to residential area, if 2 miles or less: 

N/A 

DisroncQ, to agricultural land in production within past 5 years, if 
1 mile or less: 

N/A 

Distance to prime agricultural land in production within past 5 years, if 
2 miles or less: 

N/A 

Is a historic or landmark site (National Register or Historic Places and 
National Natural Landmarks) within the view of the site? 

The Tomes School, a structure listed on the National Register, is 
located within the borders of NTC Bainbridge, approximately one-half 
mile south of the landfill. 



FIRE AND EXPLOSION 

1 CONTAINMENT 

Hazardous substances present: 

No evidence su,ggests the threat of fire and explosion 

Type of containment. if applicable: 

N/A 

2 WASTE CHARACTERISTICS 

Direct Evidence 

Type of instrument and measurements: 

N/A 

Irnitdbilirv 

N/A 

Reactivity 

Most reactive compound: 

N/A 

Incomr,atibilitv 

Most incompatible pair of compounds: 

N/A 



Hazardous Ww,tr Ounntitv 

Total quantity of hazardous substances at the facility: 

N/A 

Basis of estimating and/or computing waste quantity: 

N/A 

Distance to Nearest Building 

Distance to Sensitive Environment 

Distance to wetlands: 

WA 

Distance to critical habitat: 

N/A 

Distance to commercial/industrial area, if 1 mile or less: 

N/A 



Distance to national or state park, forest, or wildlife reserve, if 
2 miles or less: 

N/A 

Distance to residential area, if 2 miles or less: 

N/A 

Distance ro agricultural land in production within past 5 years, if 
1 mile or less: 

N/A 

Distance CO prime agricultural land in production within pnsr 5 years, if 
2 miles OK less: 

N/A 

1s a historic or landmark site (National Register or Historic Places and 
National Natural Landmarks) within the view of the site? 

N/A 

PoDularion Within 2-Mile Radius 

N/A 

Buildings Within Z-Mile Radius 

N/A 



DIRECT CONTACT 

1 OBSERVED INCIDENT 

Date, location, and pertinent details of incident: 

N/A 

.'< ;I; * 

2 ACCESSIBILITY 

D?bLlibr i\-pr of barrier(s): 

Tlrr Bainbridgr NTC is completely enclosed by R fence, and the main 
gitr is guarded by srcllrity per<onnrl The eenrrnl public does nor 
have r~~~~ss to the facility. Residents of the Job Corps Center are 
r?strirted to their assigned work areas, which are away from zones 
of contamination (Reference 1). 

A value of 0 was assigned. 

3 CONTAINMENT 

Type of containment, if applicable: 

Pesticides have migrated into the ground water and surface water at 
the landfill disposal area as a result of dumping and burying 
(References 1 and 2). 

A value of 15 was assigned. 

4 WASTE CHARACTERISTICS 

Compounds svaluated: 

Chlorobenzene 2 4,4'-DDT 
trans-1,2-dichloroethene 1 Chlordane 
Heptachlor 3 



Compound with highest score: 

Thrrr cmpounds evaluated, heptachlor, 4,4'-DDT, end chlordane, have 

toxicity v~~luzs of 3 (Reference 10, 47FR31241). 

5 TAKGETS 

Population within one-mile radius 

?(or applicable because of rcstrictcd site ncccss (Kufcrence 1) 

A vale of 0 WRS assigned. 

Distance to critical hebirat (of endangered surcies) 

N/A (Krferencr 13) 

A value of 0 was assigned. 
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REVIEW OF THE PEST CONTROL PRCGRAM 
AT THE 

NAVAL TRAINIiZ CENTER 
BAINBRIDGE, MARYLAND 

Ref: (a) SECNAVINST 5430.54 of 27 Dee 1961 
(b) NAVFACINST 6250.3A of 1 Ott 1964 
(c) NAVFACINST 6250.5 of 24 May 1966 

I. AUTHORITY 

A. In acccrdance with references (a), (b) and (c), 
Mr. L. C. Stover, Entomologist, Atlantic Division, Naval 
Facilities Engineering Command, visited the Naval Training 
Center, Bainbridge, Maryland, 2 - 6 December 1968, to review 
and discuss the activity pest control program. 

B. The pest control program was discussed with the 
following persons: 

CDR J. E. Ford Public Works Officer 

LWR W. G. Ripley Assistant Public works Officer 

CWO-4 F. B. Sullivan Sanitation officer 

Mr. P. E. Orr Director, Shops Division 

Mr. A. Roth Maintenance Control Director 

MIS. m. Scharf Housing Manager 

Mr. C. Carrick Assistant Housing Manager 

Mr. H. Stikes Foreman, Transportation 

Mr. C. L. Martin Foreman, Pest Control Equipment 
operator 

Mr. J. R. Linzy Pest Control Equipment Oper?.tor 

Mr. W. L. Parker Pest Control Equipment Operator 

..- ~. WA L. Brnaks Peat Control Equipment Operator 



II. PURPOSE 

The review was made to determine: 

1. The types of pest control problems present. 

2. The extent of damage by pests. 

3. The measures necessary to eliminate these pests. 

4. Progress made in pest abatement 

III. DETERMINATION 

Pest control problems were encountered in household pest 
control, structural pest control, vector pest control and 
materials. Minor problems were encccntered in vegetation 
pest control and weed control. 

IV. SCOPE OF REVIEW AND RELATED CONMENTS 

A. Household Pest Control 

1. Cockroaches are considered to be the principal 
household pest at the Naval Training Cznter. These insects 
present an arduous task to the pest control operator and are 
especially difficult to control in food handling establish- 
ments. Inspection made at the various clubs and other food 
service areas showed the degree of control to be adequate. 
Discussions with personnel at these areas also showed the 
service rendered by the pest control shop to be on a sched- 
uled basis, which is the only effective way to deal with 
these pests. 

2. In controlling cockroach populations in housing 
areas, however, a problem does exist. At present, roach 
control in family housing is based on the premise that 
residual treatment of shelf spaces in kitchens, bathrooms 
and closets will be done only if the tenant so desires. This 
is resulting in only partial treatment of some units of 
ap-r:nent buildings, which greatly reduces the effectiveness 
of roach control operations in these areas. Accordingly, 
it is recommended that occupants of family housing at the 
Naval Training Center be required to propane shelves in the 
above mentioned areas for treatment. This will result in a 
much more effective control program and reduce the number of 
service calls. 



3. Cockroach control chemicals used at NTC BAIN 
are 0.5 - 1.396 diazinon, kepone bait and chlordane (for 
American roaches). These chemicals are adequate and no 
recommendations of alternate insecticides are given at this 
time. 

B. Structural Pest Control 

1. Subterranean termites are present at the Naval 
Training center and are especially prevalent in the Manor 
Heights housing area. An Engineering Service Request (LANTDIV 
Project No. 1036-20505), which was answered by LANTDIV previous 
to this review, offered suggestions for the control of ter- 
mites. The termites present in the Manor Heights area will, 
if not controlled, cause more extensive damage. 

2. A special project is being submitted by the 
housing office at the Naval Training Center, and when funded 
will greatly reduce the chance of further damage. This work, 
as mentioned in the ESR, is within the capability of the pest 
control shop, and can be completed by station forces. 

3. In the area of structural pest control, another 
problem is the lack of an adequate utility pole inspection 
program. The large number of poles at the training center 
(approximately 1,500) represents a large investment and a 
proper inspection and treatment program can protect this 
investment. 

4. Wooden utility poles., as any other wood structure, 
are subject to attack and deterioration from wood-destroying 
fungi and other wood-destroying organisms. At present, 
there are no utility pole inspections performed at the 
Training Center and it is recommended that a pole inspection 
program be initiated to protect the large investment present 
in wooden poles. 

5. To aid in the establishment of a pole inspection 
program, LANTDIV has available a sonic pole tester that 
provides an accurate method for testing in-place poles. It 
is suggested that the Naval TraLning Center submit an RSR to 
LANTDIV for training in the use of this instrument and for 
guidance in establishing a pole inspection program. After 
personnel have been trained in the use of the instrument, 
it will be made available upon request for future inspections. 
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C. Vegetation Pest Control 

1. Bagworms (Thyridopteryx ephemeraeformis) have 
caused a considerable amount of damage to evergreen trees. 
This insect is particularly destructive to evergreen trees 
since populations of this pest build up rapidly and trees 
attacked are commonly completely defoliated. control meas- 
ures are effective, however, if applied correctly and if 
particular attention is given to timing of treatments. The 
insecticide of choice for bagworm control is carbsryl (sevin) 
applied as a 0.14% suspension (1.5 pounds of 8G% carbaryl 
W.P./lOO gallons of water). This spray must be applied in 
late spring (approximately 1 May) when the overwintering eggs 
hatch and the resulting larvae are exposed. Several sprhyings 
may be necessary to control the populations present. Lead 
arsenate, another insecticide, -1 may also be useti for control, 
but only until the larvae are half grown. After t!lis growth 
stage is reached, hand picking of bags is the only prnctizal 
method of control. 

2. The large sycamore (Plantus occidentalis) trees 
present in the Tome area of the Naval Training Center were 
reported and observed to be in poor health. Inspection made 
of the trees, due to the -season of the year, revealed very 
little and no conclusions could be drawn. It is suggested 
that the pert control shop observe the trees this spring and 
submit any unhealthy foliage or twigs to the State Forestry 
Office or the U. S. Department of Agriculture Laboratory in 
Beltsville, Maryland, for determination of the disease agent 
and recommendations for control. 

D. Weed Control 

1. The only problem reported was control of plantain 
(Plantago spp. ) in lawns. This species of weed can be readily 
controlled by applying 2.4-D at the rate of 2 pounds per 
acre applied in 50 to 100 gallons of water. This material 
should be applied in the early spring '3x1 the foliage of the 
plants for the mast effective results. 

2. Should other weed species become a problem or 
technical advice on chemical weed control be needed, it is 
suggested that the Natural Resources Management Staff (Code 
07B), LANTDIV be contacted. 



E. Rodent Control 

Other than occasional and seasonal problems with 
field mice, no rodent control problem were reported or 
observed. The station pest control shop maintains a sched- 
uled baiting and trapping program and no recommendations are 
offered in the phase of pest control operations. 

F. Vector Pest Control 

1. Flies are a problem at the Training Center through- 
out the summer months. This is due, in part, to the agarian 
nature of the area surrounding the base. Control efforts 
are based on residual spraying and aerosol applications; and 
the proper insecticides are being utilized. 

2. A suitable bait for flies that can be utilized 
in conjunction with the above treatments is diazinoq. This 
material can be prepared in two bait formulations, which are 
given below: 

a. Dry diazinon bait (1%) 

1.0 ot of 50% diazinon W.P. + 3 lb of sugar 

b. Wet diazinon bait (0.38%) 

1.0 fluid oz of 48% diazinon E.C. + 1 lb of sugar + 
1 gallon of water 

The dry bait should be applied at the rate of 3 - 4 ounces 
per 1,000 square feet. The wet bait should be applied at the 
xate of 1 - 3 gallons per 1,000 square feet around garbage 
containers, loading platforms, etc. 

3. Ticks are also a problem at the Naval Training 
Center an3 3 threat to the physical well-being of Center 
personnel. Ticks are vectors of Rocky Mountain spotted 
fever, a rickettsial disease. In the five year period 1960 - 
1964, there were 65 cases of spotted fever in the state, 
making Maryland the third highest state in spotted fever 
incidence. 

4. These pests are especially prevalent in base 
housing areas and every effort should be taken to continue 
control operations for these areas. Control chemicals and 
application rates being used are correct and no recommendations 
are given in this area. 



5. Mosquitoes are not a serious pest at the Naval 
Training Center and no control problems were reported. Control 
of mosquitoes, however, like control of many pests, require 
that population surveys be made. Wring the past mosquito 
season, no adult surveys wefe made by the station medical 
department. The medical department is responsible for con- 
ducting surveys for pests of medical importance, as stated 
in SECXAVINST 5430.54 of 27 December 1961. Accordingly. it 
is recommended rhaK the medical department initiate a mos- 
quito survey program. Mosquitoes collected (both larva and 
adult) may be forwarded to Preventive Medicine Unit Two, 
V. 5. Naval Base, Norfolk, Virginia, 23511, for identification. 
COMFIVEINST 6250.2~ contains information on the use and 
reporting of mosquito surveys and should be used for additional 
reference. 

F. Miscellaneous Pests 

The only miscellaneous pest of importance found during 
the review was filter flies (Psychoda spp.). These flies 
are common pests at sewage plants throughout the Fifth Naval 
District and can be controlled with malathion. To provide a 
longer residual effect, it is suggested that a 2.5% malathion 
suspension be used in lieu of the current solution formulation. 
In the event the recommended malathion formulation does not 
reduce the population, it is suggested that the Special Assist- 
ant for Applied Biology (Code 1OA) LANTDIV be contacted for 
further recommendations. 

V. EpUIPMENT, MATERIALS AND FACILITIES 

A. Equipment 

1. A review of power driven pest control equipment 
showed that sufficient equipment to perform the necessary pest 
control operations is on hand. One sprayer (USN *54-02538), 
however, is rapidly becoming worn to such a degree that replace- 
ment will be needed in a relatively short time. 1% is tbere- 
fore recommended that a new NAVFAC equipment code type 
5421-10 sprayer be ordered on the FY 1970 engineering support, 
equipment list, to replace the 1951 model sprayer. This 
piece of equipment is listed in enclosure (2) of NAVFACINST 
11200.12D. 

2. Other pest control equipment such as hand sprayers 
and safety equipment was inzpected and found to be adequate. 
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B. Materials 

1. An inventory of materials showed the following to 
be on hand: 

Material Quanity 

AC? Grass Killer (Sodium TCA) 30 lbs 

*Aramite 15-W (Miticida) 60 lbs 

rSHC 11% E. C. 150 gal 

*Black Leaf 40 (Nicotine Sulphate) 60 gal 

*Captan 50 W. P. 110 lbs 

Chlordane 72% E. C. 55 gal 

Topper Sul?hate 20 lbs 

Creosote 90 gal 

*DDT 25% E. C. 350 gal 

*DDT 20% 0. S. 350 gal 

l DDT 5% 0. S. 100 gal 

DDT 75% W. P. 120 lbs 

Diazinon 0.5% 0. S. 25 gal 

Diazinon 47.5% 0. S. 15 gal 

*Ferbam 

Indoor fogging SLN 

*Kar'athane 

Kepone (pelleted) 

Lead Arsenate 

Lethane 

Malathion 57% E. C 

20 lbs 

80 gal 

80 lbs 

15 lbs 

180 Ibs 

3 gal 

90 gal 
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Malathion 25% E. C. 

MH-40 

Pentachlorophenol 5% 0. S. 

Pival 

Poly-bor chlorate 

*Red Squill 

l Ryania 

Sevin 50% W. P. 

Sulfur 80 lbs 

300 gal 

50 gal 

150 gal 

2 lbs 

150 lbs 

15 lbs 

60 lbs 

50 lbs 

Telvas-W 450 lbs 

Warfarin (0.5%) 15 lbs 

Zinc Phosphide 

2,4-D + 2,4,5-T Mixture 

2 lbs 

10 gal 

2. Those materials marked with an werisk, due to 
age, are no longer useful. The toxic ingredients of these 
pest icides have crystalized or h:**? h?sn otherwise chemically 
Altered, rendering them ineffective for use. However, these 
materials are still toxic to a degree and must be dispospd 
of in the D-r so as not to oolJuLe the environment. 
I+ is therefore recorcnem2e-J that these pesticides be disposed 
of as soon as possible and in the following manner: 

a. Bury all dry pesticides at a death of 36 
inches in the sanltarv land <111. 

b. pour all liquid concentrates into a Dit dug 
to a depth of 30 inches in the sanitary fill. 

C. Bury all empty containers, after chopDing 
hdes in t&m to prevent reuse, at least 18 inches deep at 
the sanitary land fill. 

C. Facilities 

The storage and mixing facilities for pesticides at 
the Naval Training Center were inspected and found to be 
adequate. 



VI. SCHEDULING OF OPERATIONS 

Pest control operations at the Naval Training center 
are accomplished on a scheduled basis and no recommendations 
are necessary. Job orders covering pest control were also 
reviewed and found to be adequate. 

VII. STAFFING AND CERTIFICATION 

A. Staffing 

The pest control shop at the Naval Training Center 
is staffed with a pest control supervisor, three certified 
pest control equipment operators and one exterminator. This 
is an adequate number of personnel to complete the workload 
in pest control operations, and no additional personnel are 
required. 

B. Certification 

1. Pest control training conferences are held 
biennially as required by NhVFACISSf 6250.5. Attaining a 
passing grade on the examination given at the conference 
partially fulfills the requirements for certification of pest 
control operators. The next conference will be held at 
Norfolk during the first two weeks of February, the first 
week being directed toward supervisory personnel and person- 
nel previously certified, and the second week is to be a 
more basic type of training for exterminators and other 
personnel who have not been previously certified. 

2. Since all pest control personnel at the Naval 
Training center are required to be certified, it is recommended 
that they be sent to the upcoming certification conference 
in Norfolk. It is also suggested that Mr. Stewart, the 
exterminator in the pest control shop, be sent to the second 
weeks course. 

3. A LANTDIV Notice concerning the course, room 
accomodations and other information pertinent to the con- 
ference will be forthcoming. 

VIII. RECCNMENDATIONS 

A. That occupants of family housing be required to 
prepare shelves in the kitchen, bathroom and other areas 
to allow a more effective treatment for roach control. 
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a. That a utility pole inspection program be initiated 
to protect the large investment in wooden utility poles. 

C. That the station Medical Department initiate a 
msoquito survey program. 

D. That a new 5421-30 sprayer be ordered on the FY 1970 
engineering support equipment list to replace a 1451 model 
SpEayvr (USN ~54-02538) currently on hand. 

E. That the insecticides that are described in the report 
be disposed of. 

F. That pest control personnel be sent to Norfolk to 
attend the upcoming training conference so they can be 
recesrified. 

G. That a sufficient amount of 50% diazinon wettable 
powder be procured for uso in fly control if dry baits are 
to be used. 
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940 cCDICHLOROETHYLENE 

ihl-mu TCJS ppm/WV-t:ETA J-mm6 4.11.7a 
,hl-hmn Tcla: 23 ppm :svs cmH*C I L.4463.76 

at LD5O:ZW mfl6 DCTODJ 1.63.77 
,t LCLD: laax, ppm/UH U(MPA6 20.187.74 

mu, LC50:98 ppm/llH JTEHW w6).913.77 
o.lda~ LDLn:57M q/l* QIPPAL 72os.u 
m-dog LDL6225 mg& QJPPAL 7.205.34 
ru-rt4 LDLD:3700 mm;8 QIPPAL 7205.34 

Aquatic Toxicity Rating: TLm96:1ooO-100 ppm 
WQCIihP 3.-.74. Carcbmgenic Determination: Ani- 

mal Positive IARC” 19.439.79. 
TLV: Air: 10 ppm DTLVS 4.43280. Toximlogy Review: 

CTOXAO 8.633.75: CMTVAS 10(3).49,73: NTIS” 
ORNLAIRC-77/3. Occupational Exposure to Vinyl 
Halides recm std: Air: TWA I ppm: CL 5 ppm/lSM 
NTIS**. NTP Cwcinogenais Bioassay Completed ar 
of Dcccmbcr 1980. “NIOSH Manual of Analytical 
Methods” VOL 4 266’. NIOSH Current Intelligence 
Bulletin 28, 1978. Reported in EPA TSCA Inventory. 
1980. EPA TSCA 8(a) Prelimmary Assessment Infor- 
mation Proposed Rule FERREAC 45.13646.80. 

THR: An exper MUT. ETA, NEO. CARC. HIGH acute 
orl, ihl. See also vinyl chloride. 

Fire Hazard: Highly dangerous, when exposed to hat 
or flame. 

Exphion Hazard: Mod. in the form of gas. when ea- 
posed to heat or flame. Also caa uplodespontancoasly; 
feacts v~olcntly wth chlorosutfomc acd, HNO,. 

cis, If-DICHLORO-NE 

mf: C,H&; mw: 96.94 

Flash p: 42.8OF; lel = 3.3%; uel = 15%. 

harta-1,2-DICHLOROEnrYLENE 

mf: CrH.CL; mu!: 96.94 

Flash p: 35.6-F; tel = 9.7%; ucl - 12.8%. 
ca”calt8e6reha7ard. 
Incamp: AIkalia; diflaommcthylene dihypofluorite, ni- 

tmgm tetnoxida. 

1.2.DICHLOROETHYLENE CARBONATE 

CAS RN: 3967553 NIOSH #: JH 7400000 
mf: C,H,Cl& mw: 1S6.95 

TOXICITY DATA: 3 CODEN: 
scwmus lDLo:648 m&r/ JNCIAM 48.1411.72 

J4w.I:ETA 

TIik An upr ETA. 
Disawr Haza& When heated to decomp it emits tax 

fume of Cl‘. 

DICHLORO(ETHYLENEDIAMMINEh 
PLATINIJMtII) 

oleum. 
-+wer Hazard: Highly dangemur; see chloride& can 

=f vigorously with oxidizing materials. 
I Fighf Fire: Alcohol foam, CO,, dry chemical. 

Incomp: Air: chlorotti-Ruomethyien~ ozone; perchloryl 
fluoride. 

eis.DICHLOROETHYLENE 

CAS RN: 156592 NIOSH P: KV 942oooO 
mf: C2H&; mw: 96.94 

CA.5 RN: 14096516 NIOSH #: TP 2497100 
mE C,H&l,N,Pt; mw: 326. I1 

TOXICITY DATA: 3 CODEN: 
la- 2 ug/plue MUREAV 77.45.80 
tnnuut 2 ly/pble MUREAV 77.4s.80 
pr-mul LDLO: I4 mg& BICHBX 2.187.71 

THR: MUT data. HIGH ipr. See also platmum com- 
pounds. 

Disaster Hazard: When heated to decomp it emits very 
tox fumes of c1- and NO,. 

Colorless liquid, pleasant odor. mp: -80.5O, bp: 59O, 
ICI - 9.7%. ucl - 12.896, Rash p: 39”F, d: 1.2743 Q 
25’/4’. vap. press: 400 mm B 41.0’. vap. d: 3.34. 

SYNS: 
I3-DICYL**OcnwLENE I-LEYE mc”LOIIOE 

TOXICITY DATA: 1 CODEN: 
Ihi-mus LCLo:6= mymli2H AHBMM 116.131.36 
lhlut LCLo:2~ m8/m3/6H AHBMM 116.131.36 

Reported in EPA TSCA Inventory, 1980. 
THR: LOW via oral route. In high cone it is irr aad 

narcotx. Has produced liver and kidney injury in caper 
animals. 

Fire Hozcmd: Dangerous. when exposed to heat or flame. 
Reacts wolcntly with N*O,. KOH. Na. NaOH. 

DI-&ClfLOROETHYL MALEATE 

CAS RN: 63Y 17tJ+b NIOSH #: ON 105OOOLl 
mf: C,H&l,G,; mw: 241.08 

TOXICITY DATA: 3 CODEN: 
orbrat Llnwll my6 -PA9 28.3 IJ.71 
rkn.rM LDKV I40 mg/kr IXAPA’) 28.313.74 

THR: HIGH orl. skn. 
DirPIrer Haro& When hated to decomp it emits tax 

fames of Cl-. 

U.DICHLOR~N-~YLMALEINlMlDE 

CA.5 RN: 20198770 NIOSH #: ON 5175OCO 
mf: GHIC~ZNOI; mw: 194.02 

Spnroneour Hoofing No 

Explosion Hozord.’ Mod. in the form of vapor when ex- 
pd to flame. 
z(fer Hazad Dangerous; xc chlorides; can react vig- 
rously wnh oxtdizrng marcnals. 

10 Fig/U Fire: Water spray, foam, CO,, dry chemical. 



670 CHLORCYCLIZINE OIHYDROCHLORIDE 

CHLORCYCLIZINE DIHYDROCHLORIDE 

CAS RN: 129715 NIOSH #: TL 2100000 
C,sH&IN2*2CIH; mw: 373.78 

TOXICITY DATA: 3 CODEN: 
Ipr-ral LDSO: 100 “g&g AIPTAK 80.378.49 
or,-“IUS LDLo: I50 m&g AIPTAK 80.378.49 
‘p”‘““’ LDSO: 137 “,&/kg JPETAB ,6.388,49 
Y”-lnu LDLo: 150 mg/kg AWTAK 80.378.49 
hmus LDSO:35 m&g AIF’TAK 80.378.49 
~pr-dog LDLo: 100 m&g AIPTAK 80.378.49 
‘pr-rs, m50:75 mgikg AIPTAK 80378.49 
lpFSp8 LD50: IM mgntg AIPTAK 80.378.49 

THR: HIGH ipr, orl, scu. 
Dhasrer Hazard: When heated to decomp it emits very 

tax fumes of Cl-, NO, and HCI. 

CHLORCYCLIZINE HYDROCHLORIDE 

CAS RN: 14362313 NIOSH #: TL 22Mxxx) 
mf: ClsHzlClN~*7CIH; mw: 556.08 

JXICITY DATA: 3 
or,-rat TDLo:240 mg,kg (12.15D 

prq) TER 
d-rat T”ln: MM m&g (U-150 

preg) TER 
q,r-rat LDSO: 100 q/kg 
or,-mus LD50:3m rnc/kP 

CODEN: 
TJADAB 18.199.78 

JPETM 147.391.65 

CLDND’ 
CLDND- 

ipr.mur LDSO: IM m-& CLDND’ 
SW-mu LD’O:200 m&g CLDND- 
iv”-mw LD50:35 mg/kg CLDND* 
,pr-dog LDJO: 125 mg,%g CLDND- 
,prsar LDSO: 100 m&g CLD%-D* 
i&V-@8 LT)Jo: 10, Lb,&& CLDSD’ 

THR: An exper TER. HIGH ipr, orl, sat. 
Disosfer Hnzard: When heated to decomp it emits very 

tax fumes of HCI and NO,. 

CHLORCYCLIZINE HYDROCHLORIDE A 

CAS RN: 894564 NIOSH #: TL 2275ooO 

mf: C,aHz,CINz*CIH; mw: 337.32 

unk-ntur TDLo:SOO m&g (Il.14D AJGGAH 9s.109.w 
preg)TER 

-rl-iar TDLo:SM mgntg (615D pmg) TXCYAC 8.87.77 
hmn TDLo:360 utin:CNS IZVXM 7.236.@3 
rat Isno: IM w&g- 27ZQA.c -;213.72 

-.bmur LD50:300 n&g 27ZQAG s.213.72 

ipr-mur LD50: 137 mg/kg JPETAB 96.388.49 
SC”-mus LD5O:IM) n&kg 2lZQAG -,213.72 
Ip’dog I DS”: 125 mg/kg 27ZOAG ..213.72 
,prut LD50:75 m$/*g 17ZQAG -,113.72 
lp’-epg LD50: 100 t”gntK 27ZQAG -,213.72 

THR: An enper TER also a hmn CNS. HIGH ipr, orl, 
SC”. 

Disaster Hazard: When heated to decomp it emas very 
tax fumes of HCI and NO,. 

CHLORDANE 

CAS RN: 57749 NIOSH $. PR 9RMMX3 
mf: CloHsCls; mw: 409.76 

Colorlas to amber, odorless, viscous liquid. bp: 175’, 
d: 1.57-1.63 @ 15.S0/15.S0 

SYNS: 

r  ~I 

or,.mur LDSO:UO mgnig 
YU-mu LDSO: 153 mgfkg 
orhNs TDLa~3360 ug4.g (I-21D 

P”g) 
dns-hmn:fbr I umal/L 
arhur TDLo:2020 mg/kg,80W- 

C’CAR 
orl-mur TD:3780 mg&/gOW- 

c:c*lt 
orl.hmn LDLo:40 mg/*g 
“d.-“U” LDb: 118 “I&,& 
skn-rat LD50:7W m&g 
ipr-,a1 LD5O:W ,“&,%a 
iprams LDh:240 mg/kg 
ivn-mu LDSO: 100 mg/kg 
m-ca* LCJO. ,a, rng/rn3/4H 
orbrat LD50: 100 m&g 
sh-rbr LD50:780 ,“&‘kg 
n’n-rbt LDLo: 10 mp/llg 
04 ham LDSO’ ,720 nl&~ 
orlsh LD50:220 mg/kg 

DTLVS- 4.78.80 
AlPTAK 241.79.79 
IEPTDQ 2.357.78 

MUREA” 42.161.77 
NCITR’ SC,-CG-TR-8.77 

NCITR’ NIC.CG.TR-8.77 

CMEP- -,I.56 
8SDCAl 2.73.70 
PWOAV 185.361.60 
7XAPA9 32.443.75 
TXAPAP 23.288.72 
CSLNX’ hXSO4876 
OTPZAB 8W,.30.6( 
PCO’.? -,226.66 
85DPAN -,-.71/76 
AniclAx 1.13.50 
KTOAS 7.I59.74 
PCOC** -.266.66 



CHLORFENSULFIDE 671 

Oil laxatives should be avoided. The nervous symptoms 
may best be combatted with pentobarbital or phenobar- 
bital. 

Disasrer Hazard: When heated to decomp it emits tax 
fumes of cl-. 

For further information see Vol. I. No. 2 and Vol. 3, 
No. 5 of DPIM Report. 

CHLORENDIC ACID 

CAS RN: 115286 NIOSH $: RB 9000000 

SYNS: 

TOXICITY DATA: 2 CODEN: 
orbra, LD50,1770 mgkg 28ZPe.K -,92,72 

Currently Tested by NTP for Carcinogenesis by Standard 
Bioassay Protocol as of December 1980. Reported in 
EPA TSCA Inventory, 1980. EPA TSCA 8(n) Pre- 

liminary Assessment Information Proposed Rule 
FERREAC 45,13646,80. 

THR: MOD orl. 
Disaster Hamrd: When heated to dsomp it emits tax 

fumes of Cl-. 

Carcinogenic Determination: Animal Positive IARC* 
20,45,79. 

TLV.' Air: 0.3 mg/m3 (skm) DTLVS’ 4,78,80. ~oxico/ogy 
Review CNDQA8 10(3),43.75; RREVAH 56.107.75; 
BNYMAM 54,413,78; CTOXAO 13,23l,78. OSHA 
Standard Air: TWA -500 “g/m3 (skin) (SCP-S) 
FEREAC 39.23540.74. DOT: Combustible Liquid, La- 
bel: None. FEREAC 41,57018,76. NC1 Carcinogcnais 
Bioassay Completed; Results Positive: Mouse 
(NCITR’ NCI-CG-TR-8.77). NC1 Carcinogcncsis 
Bioassay Completed; Results negative: Rat (NCITR’ 
NCI-CG-TR-8.77). 

THR: MUT data. An exper CARC. HIGH hmn orl. 
unk. HIGH orl, wn, ihl, ipr. MOD skn, orl. Implicated 
in aplastic anemia. An insecticide. Must be considered 
quite toxrc. Chlordane is readily absorbed through the 
skin as well as through other portals. It is a CNS srimu- 
lam whose exact mode of action is unknown, but it 
may involve microsomal enzyme stimulation. Animals 
poisoned by this and related compounds show an ex- 
tremely marked loss of appetite and neurological symp- 
toms. The fatal dose to man is unknown. It has been 
estimated to be between 6 to 60 g(l/5 to 2 oz.). One 
person rccciving an accidental skin application of 25% 
solution (amounting to something over 30 g of technical 
chlordane) developed symptoms within about 40 min 
and died before medical attention was obtained. In two 
patlents, death followed exposure to low oral doses 
of chlordane (2-4 g); on microscopic examination both 
patients showed sevcx chronic fatty degeneration of 
the liver, characteristic of chronic alcoholism. Al- 
though these two fatalities cannot be attributed exclu- 
sively to chlordane, they are entirely consistent with 
previous observations that the toxicity of other chlori- 
nated hydrocarbons is much enhanced in the presence 
of chronic liver damage. The dangerous chrontc dose 
in man is unknown. 

One person poisoned by chlordane developed convulsions 
within 40 min of gross skin contamination and died, 
apparently of respiratory failure, befdre medical aid 
could be obtained. 

Acutely polsoned exper ammals show sumlar signs. Exper 
animals exposed to repeated small doses exhibit hy- 
perexcitability, tremors, and convulsions. and those 
which survive long enough show mark& anorexia and 
loss of weight. Symptoms in ammals frequently occur 
within an hour of the administration of a large dose, 
but death often is delayed for several days depending 
on the dosage and route of administration. In any event. 
symptoms are of longer duration with chlordane than 
with DDT under similar conditions. 

Laboratory findings are essentially normal. except that 
the insecticide may be demonstrated in tissues of poi- 
soned animals by means of bioassay. A method for 
specific, quantitative chemical analysis for chlordane 
is now available using small amounts of subcuraneous 
fat. Chronically poisoned animals show degenerative 
changes in the liver and kidney tubules. 

Treotmeni and Antidotes: Removal of the poison from 
the skin or the alimentary tract should bc attempted. 

CHLORETHYLBENZMETHOXtiONE 

CAS RN: 132898 NIOSH #: DM 3675000 
mf: Clr,Hl&INO~; tnw: 211.66 

SYNS: 
2.(2<nmroETwr)-3-u&4- 2-(sET*~nLoaoETHuL~2,3- 

CHIOMANONE o"woao4oxo(swzc-1.3. 
2-(2sw~oroEruvr~2,3-oluv- Orur~E) 

DR0-4"-,,3-BE.N20WlN+ coxo-2~BET*~HLoRoE~YL~- 
ONE 2,3-o,"vo~oswz~l.3~xA- 

*.(2C"~ooloEr"r~t2.3.~*"~. ZlNE 
DRo-4.oXc.,.3-BENZOW1NE 

TOXICITY DATA: 2-1 CODEN: 
ipr-rat LDM:730 mg& BMJOAE 1.36.60 
d-rat LDJO: to gwkg ARZNAD 7.651,57 

THR: MOD ipr; LOW orl. 
Disasrer Hazard: When heated to decomp it emits very 

tax fumes of Cl- and NO,. 

CHLORFENSULFIDE 

CAS RN: 2274740 NIOSH $: IL 8842ooO 
mf: C12HsCI,N2S; mw: 352.06 

TOXICITY DATA: 2 CODEN: 
or,.Iat LDso:4ma In&* 85DPAN . . ..71”6 
ml-mus LD50:3MO m&g 30ZDA9 -.281.71 



1496 HEMICH0LINIUM.3.OIBROMIOE 

THR: An exper ETA. 
Disaster Hazard: When heated to decomp it emits acrid 

smoke and fumes. 

MICHOLINIUM-3-DIBROMIDE 

CAS RN: 312458 NIOSH #: QF 245oooO 

mf: C1,HJ,N201*2Br; mw: 514.42 

TOXICITY DATA: 3 CODEN: 
,pr-rat LDSO: ,623 “g/kg EIPHAZ 33.145.75 
Ipr.mus LD50:46 @kg EIPHAZ ,3.145,75 
,pr-rat ‘D50:212 @kg EIPHAZ x).39&78 
,pr-mur LDJO: no u&-kg JPPMAB 22.20.70 
IY”-InYI LD50:80 ugfkg TxAP.49 27.666.74 

Reported in EPA TSCA Inventory, 1980. 
THR: HIGH ipr, ivn. See also bromides 
Disaster Hazard: When heated to decomp it emits very 

to6 fumes of NO1 and Br‘. 

HEI’AKlh 

CAS RN: 9005496 NIOSH #: MI 07Mxx)o 

SYNS: 
HEDHEP*RtY SODI”” “EI*RIN 
HEPARlNATE T”ROMBOLlQUlNE 

WABMIPI MDWM 

)XICITY DAIA: 2 CODEN: 
dniac I mg/L NNBYAl 232.143.71 
dnidmt 14 me/L NNBYAl 232.143.71 
dnrrat:lvr 20 u$ BBACAQ 479.391.71 
ru-man TDLo.7 rngn;g/‘D ,AMAAP 244.,8,,.80 
dnd-ham:avr 20, mp/L BBACAQ 517.486.78 
ipr-rat LDLn:420 mgntg TXAPAS 1.156.59 
I”“-m”s LDSO: ISM) q/kg AJMSAI 216.234.48 

Toxicology Review: AEMBAP 52,375,75; JPMSAE 
62,517,73. 

THR: MOD ivn. ipr. MUT data. 

HEPTACHLOR 

CAS RN: 76.448 NIOSH #: 0700000 
mf. CloHaCI,; rnw: 373.30 

Crystals, nearly ins01 in water; sol in organic solvents. 

or,-mur TD:930 mg/kg/80W- 
C:CARC 

ml-r11 L”J”:w rnglkgv 
rtn-rat LD50: I19 mg,kg 
ipr-rat LD50:27 mm 
od-mus LD50:68 me/k~ 
WI-Inus LDLo.20 &/is 
rkn-rb, LD50:2m0 m&g 
a+gpg LDSo: I16 mg/?lg 
or,-hnm LDSO: 100 mg,kg 
orlck” LD50:62 m&n 
unkmam LD50:60 mg/Lg 

34LXAP ~555.16 
SOGEBZ 2(1).80.66 
SOGEBZ 2(,).80.66 
MLXEAV 42.161.77 
NCITB- KC,-CGTR-9.77 

NCITR* NCI-CG-TR-9.71 

P”JOA” 185.361.60 
SPEADM 74-I .-.74 
FCTXAV 11.63.73 
SPEADM 1L,...14 
IPET** 107.X6.53 
AFDOAQ 16.3.52 
PCOC- -.576 66 
IETOAS 7.156.74 
TXAPA9 3.521.61 
3OZDA9 m.59.71 

Aquatic Toxicity Rating: TLm96:undet 1 ppm 
WQCHM* 3,-,74. 

Carcinoeenic determination: Ammal oosmve IARC** 
20.12;,79; Indefinite IARC** 5.173.54. 

TLK Air: 0.5 mg/m3 (skin) DTLVS* 4,209,80. Toxicol- 
ogy Review 3lZNAA 1(1).93,71: CNDQAR lO(3). 
43,75; RREVAH 56,107.75; BNYMAM 54,413,78; 
CTOXAO 13.231.78; 85CVA2 5.250,70; 27ZTAP 
3,74,69. OSHA Standard-air: TWA 500 up/m3 (skn) 
(SCP-T) FEKEAC 3YJ3540.74. NC1 Carcinogenesis 
Bioassay completed; results positive: Mouse (NCITR’ 
NCI-CG-TR-9.77); Results negative: Rat (NCITR’ 
NCI-CG-TR-9.77) “NIOSH Manual of Analytical 
Methods” Vol 5 S287#. 

THR: MUT data. An exper CARC. HIGH arl. skn, ipr, 
ivn, unk. MOD skn. Acute exposure causes liver dam- 
age. Chronic doses have caused liver damage in expcr 
animals. See closely related chlordane. In man. a dose 
of l-3 g can cause serious symptoms, specially where 
liver impairment is the case. Acute symptoms include 
tremors, convulsions, kidney damage, respiratory col- 
lapse and death. 

Dmsrer Hazard: Dangerous: when heated to decomp, 
ir emits highly tax fumes of Cl-. 

h’OTE: The EPA has cancelled registration of pesticides 
containing this with the exceptlon of its use through 
subsurface ground insertion for termite control. 

For further information see Vol. 1, No. 8 of DPIM Report. 

HEPTACHLOR (technical grade) 

NIOSH Y: PC 075M)oo 

73% heptachlor. 22% trans.chlordane, and 5% non- 
achlor (NCITR’ NCI-CG-TR-9) 



TOXICITY DATA. 3 

cyt-hmn:lym 203 ug/l/72H 
“It-rat-xl 100 “g/kg 

.rab~rl I gm/kg/lD-I 
“Ys.tpr 50 ppm 

, <-mwunk 50 mqkg 
dlt-mur-xl 100 mg&g 
dlt-mur-unk 200 mglkg,lOW-I 
or,.rat TDLo:19 em/k&nY-c:sEo 
orl-mus TDLo:73 mg/kg/26W- 

C:CAR 
SC”-mys TDLo:370 mgntg/80W- 

1:x50 
or,-mu TD:,, gTn/xg/7aw-c:tr* 

cd-mus TD:7560 mg/kgmW- 
C:XEO 

orl-“luJ To: 56m rng/kC/BOW~I’NEO 
orl-rar TD:B,W mg/kg/2Y-C:ETA 
orl-inf LDLo: I50 mg& 
or,.hmn TDLo:6 mg&:CNS 
““k-man LDLo:22, m&8 
orl-rat LDSO: II3 mg/kg 
rkn.rat LDSO: 1931 mg/kg 
tpr.rat LD50:74 mg/*g 
SC”.rat LDSO: ,503 “I&g 
8”“.rar t.DLo:m IllgAg 
Im-rat LDSOZ68 mp/*g 
orbmur LDSO: I35 IngAg 
tpr-mur LD50:77 m&g 
I>l,.“,“I LD50:6*500 “&AS 
ml-dog LDLo:3M mg/kg 
m-dog LDLo:75 m&g 
or,-mky LDSO:ZCO mg,‘kg 
‘Y”.mky I.DLn:m mg& 
orl-cx LDLo:250 mg/ltg 
ivn-cat LDLo:40 “g/kg 

‘-rbt LD50:250 m&g 
rb, LDSO: 300 mg/kg 

.-rbt LD50:250 mgntg 

CODEN. 
MIXFAV 40.0.131.76 
F-v 11.53.73 
BECTA6 14,171,75 
CNJCAB 16.491.74 
PHTHDT 6.147.79 
PHTHDT 6.147.79 
PHTHDT 6.147.79 
UCNAW 19.179.77 
FCTXAV 7.215.69 

“CNAW 19,725,77 

NcITK* N‘I-CO-TK- 
131.78 

FCTXAV 11.433.73 

“CNAW 19,7x.77 
TXAPAP 11.88.67 
BWOAE 2.845.45 
DTLVY 3.68.7, 
85DCAI 2.73.50 
T.SAPA9 2,88,6O 
SPEADM 7&,...74 
A>TBAL 14.316.69 
BMJOAE 1.865.45 
IPt‘AB 86.213,44 
A\T8AL 14.316.69 
FEPRA7 12.368.53 
&TEAL ii.316.69 
ANTBAI. L4.3L6.69 
MEMOAQ 4.25.50 
JPETAB 86,2,3,46 
AVPCAO 12.31.75 
IPETAB‘86.213.46 
,PETAB 86.213.46 
JPETAB 86:213:46 
PCOC’. -.347 66 
BWOAE l,8;5,4S 
BMJOAE ,.865,45 

ivn-rbl LDLo: 50 mg/kg 
or,-gpg LDSO: 150 “,‘@8 
skn-gpg LDSO: ImO rn8Yks 
“u-&p& uxo:m mb/Lg 
orlckn LDLo: 3M mg/k/lrr 
or,-frg LDSO: 7600 “g/kg 
wu-frg LDJO:35 mg/kg 
art-dam LDLO: \m m&/kg 
dlt-alnorl 2a, ppm 
cyi-hmn:lym 200 u&/Lil2H 
cyt-rat:olh 10 “g/L 
d-rat TDLo:390 q/kg (I.ZOD pmg) 
,pr.rat TDLo:60 mflg (ID pre) 
scu-ms IDLo: mghg (6.I4D 

P=8) 
unk-mus TDLc:3 ma/kg (IC-17D _ 

Pm 
Cd&~ TDLo: 3540 m&&g (MGN) 
or,-rbr TDLo: 150 m&g (7.9D prcg, 
ad-mur TDLo:3408 mg,k/lrs (MGM 

TFX’NEO 

JPETAB 86.213.46 
JETOAS 7.159.74 
BMJOAE 1.865,45 
t3MlOAE 1,865CS 
MEMOAQ 4.2S.M 
EM’PAF 20.45.79 
AIPTAK 74.343.47 
MEMOAQ 4.25.50 
ETEAAT 12.221.69 
ML’REAV 40.111.76 
14LKAP ~555.76 
GISAM 45(6).14.80 
TXAPAP 18.348.71 
NTIS- PB223.160 

TXAPA9 22,327.72 

AECTCV 6.83.77 
AIPTAK 192.286.71 
“CNAW I1.688.73 

Aquatic Toxicity Rating: TLm96:under 1 ppm 
WQCHM’ 2,-,74. Carcmogenic Determination: Ani- 
mal Suspected IARC** 5J3.74. TLV: Air 1 m&/ml 

DTLVS 4.117.80; Toxicology Review: JSIRAC 
34,462,75; AABIAV 35.505.48; ATXKAB 29,1,72; 
ADCSAJ 1,160,50; ENVRAL 7(2),243,74; RR!EVAH 
48,141,73; RRLVAH 5Y,IIY,75; ADCSAI 1,160,50; 
RREVAH 61.37.75; NOALA 41f217),271,75; 
MZUZAB (8),90,73; CNDQA8 10(3),43,75; ECMAAI 
14(3),141,73: DTTIAF RO(20),4l35.73: RREVAH 
56,107,75; AJDDAL 20,331,53; AIMEAZ 38,409,65; 
ETOXAC 7.1.76; IRGGAI 24,193,68: BISNAS 
20.958.70; 85CVA2 5,250,70; PTPAD4 7,513,79; 
CIOXAO 13.231.78; EESADV 1.89,77; EESADV 
L503.78; BNYMAM 54,413,78; 27ZTAP 3,45,69. 
OSHA Standard: Air: TWA 1 mg/m3 (skin) (SCP-S) 
FEREAC 39.23540.74. DOT: ORM-A. Label: None 
FEREAC 41,57018,76. NC1 Carcinogenesis Bi-y 
Completed; Results Negative (NCITR’ NCI-CG-TR- 
131,78). “NIOSH Manual of Analytical Methods” 
VOL 3 S274. Reponed in EPA TSCA Invenrory, 1980. 
EPA TSCA 8(a) Preliminary Assessment Information 
Proposed Rule FERREAC 45,13646,80. 

THR. HIGH tin oral and dermal routes Used a8 a food 
additive permitted in the food and drinking water of 
animals and/or for the treatment of food-producing 
animals. Also a food additive permitted in food for 
human consumption. Now: DDT is a common air con- 
taminant. 

DDT is readily absorbed from the intestinal tract 
and. if it occurs in the au in the form of an aerosol 
or dust. it may Ix taken into the lung and readily ab- 
sorbed. DDT is not, however, absorbed from the skin 
unless it is in solution. Solutions are absorbed from 
the skin and, by the same token, emulsions arc absor bed 
to some extent. Likewise, fats and oils from whatever 
source increase the absorption of DDY from the intes- 
tine. DDT acts on the CNS. but the exact mechanism 
of this action either in man or in animals has not been 
elucidated. DDT is an exper MUT, CARC, ETA, 
NEO. See chlorinated hydrocarbons. Large doses of 
DDT also induce nausea and/or diarrhea in man: how- 
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ever, whether this is a central or local action is not 
yet clear. Chronically, DDT produces microscopic 
changes in the liver and kidneys in some exper animnls. 
This has not bee” demonstrated in ma”. DDT is se- 
creted in the milk and, as a” acid derivative is excreted 
in the urine of rabbits, dogs and ma”. DDT and certain 
of its degradation products, particularly DDE, are 
stored I” fat. Such storage results either from a single 
large dose or from repeated small doses. DDT stored 
in the fat IS at last largely inactive since P greater 
total dose may be stored in a” exper animal than is 
sufficient as a lethal dose for that same animal if given 
at one time. A study based on 75 human cases reported 
a” average of 5.3 ppm of DDI stored I” the fat. A 
htgher content of DDT and its derivatives (up to 434 
ppm of DDE and 648 ppm of DDT) was found in 
workers who had very extensive exposure Without ex- 
ceptlo”. the samples were taken from persons who were 
enher asymptomatic or suffering from some disease 
completely unrelated lo DDT. Careful hospital exami- 
natton of workers, who had been very extenswely ex- 
posed and who had volunteered for examination re- 
vealed no abnormality which could be attributed to 
nnT Much higher levels than have been found in 
ma” have bee” observed in the fat of exper animals 
which were apparently asymptomatic. DDT stored in 
the fat is elimmated only very gradually when further 
dosage is discontinued. After a single dose, rhe secretion 
of DDT in the milk and its excretion in the urine reach 
their height within a day or two and continue at a 
lower level thereafter. 

Dangerous Acure Dose in Man: A dose of 20 g has proved 
tughly dangerous though not fatal to man. This dose 
was taken by 5 persons who vomited a” unknown por- 
tion of the material and even su rrcuvcrcd only insurn- 
pletely after 5 weeks. Smaller doses produced less im- 
portant symptoms with relatively rapid recovery. Exper 
ingestion of’ I.5 g resulted in great discomfort and mod- 
erate neurological changes including paraesthesia, 
tremor, moderate ataxia, exaggeration of part of the 
reflexes, headache, and fatigue. Vomiting followed only 
ah 11 huurs. Rcwvcry was complctc on the following 
day. The fatal dose of DDT for ma” is not known. 
Judging from the literature, no one has ever been killed 
by DDT in the absence of other insecticides and/or 
a variety of toxic solvents. However, these common 
solvent formulations are highly fatal when taken in 
small doses. partly because of the toxicity of the solvent, 
and perhaps because of the increased ebsorbnbility of 
the DDT; several fatal cases in ma” have bee” reported. 
Acute oral toxicity for ma” = 250 mg/kg. Acute oral 
LDI. (rat) = 113 mg/kg (tech grade). Federal fruit 
and vegetable tolerance = 7 ppm. 

Dangerous Chronic Dose in Man: Even less is known of 
the hazard of chronic DDT poisoning. It is known 
thnt certain exper animals fed diets containing one part 
of DDT per million store the compound in their 
fat. The storage of DDT in man has bee” mentioned 
above. The exact significance of these findings is 
not know” and their further investlgatmn is of the 

greatest importance. Human volunteers have in- 
gested up to 35 mg/day for 21 months with no ill ef- 
fects. 

Signs and Symptoms of Poisoning in Man: In patients 
who ate substantml doses of DDT in flour, the symp- 
toms otirved were vomiting. numbness and partial 
paralysis of the extremittes, mild convulstons, loss of 
propnoceptio” and vibratory sensation of the extremi- 
ties, and hyperactive knee jerk reEexes. Symptoms ap 
pured in 30 to 60 min after earing the DDT. The 
paralysis and numbness were most evident in the most 
distal portions of the extremities, and their intensity 
was directly proportional to the amount of DDT in- 
gested. All the patients were apprehenstve and excited; 
respiration was moderately rapid: pulse remained slow 
to nmmat. The Immediate protective mechanism in 
ma”. following substantial dnm. ic vomiting. With 
smaller doses, nausea and vomiting are less promment, 
but diarrhea has been observed. Signs and symptoms 
of chronic poisoning in ma” are unknown, although, 
judging from the observed microscopic changes in ex- 
per animals, liver and kidney dysfunctions should be 
looked for. The primary IIT of DDT is practically nil, 
and it has little or no tendency to produce allergy. 
Dermatitis induced by DDT has occasionally been re- 
ported, but these reports are unconfumed; nevertheless 
the ohenomenon should be exc-zcted to occur in rare 
insranca. 

Laboratory Findings Laboratory findings are essentially 
negative except for the presence of DDT wluch may 
be quantitatively measured in stomach contents, urine, 
or tissues. 

Treatment of Poisoning: Depending on the condition of 
the patient, attention should first be given to the seda- 
tion or to the removal of poison which may have been 
taken internally. Stomach lavage and saline laxatives 
may be used. Oil laxatives shouid be avoided; they 
promote absorption of DDT and of many organic sol- 
vents, The five drugs of choice, arranged roughly in 
order of their effectiveness, are phenobarbital, pento- 
barbital, paraldehyde, urethane, and calcium gluconate. 
Phenobarbital, which has been used in doses up to 0.7 
g per day in epilepsy, and pentobarbital (0.25 to 0.5 
g) are the barbiturates known to control convulsions 
of central origin. Paraldehyde (average dosage 15 cc 
orally, 1 cc undiluted intravenously, 35 cc rectally in 
normal saline) controls the convulsions of DDT-poi- 
soned animals. Urethane (human dosage I to 4 g) has 
proved very effective in rats, but ir should be remem- 
bered that the hypnotic and narcotic &ects of urethane 
are not correspondingly high in ma”. Urethane has 
an added advantage, however, of being tolerated in 
the young and the aged. The object of scdatton ts not 
to induce sleep but to restore a relarwe calm; however, 
the proper dosage in the presence of poisoning may 
be 60 large that it would induce anesthesia if poisoning 
were not present. 

Calcium gluconate has been used less than the other 
antidotes, but it is reported to control DDT-induced 
convulsmns I” several antmals. Smce Its mechamsm 
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of action is entirely different, it may be used in addition 
to sedatives Epinephrine is contraindrated. 

For funher informatton we Vol. I. No. 3 of DPIM Report. 

+CETYLCEPHALOTHIp SODIUM SALT 

NIOSH #: XI 0383500 
mf: CI,H,~NzO,Sz.Na; mw: 376.40 

SYN: DESACETY~.CEPBAL~~IN SODIUM 
TOXICITY DATA: 1 CODEN: 
ipr-rat LD30:8877 mg/*g JJANAX 28.81.75 
IV”-rat LDSO:6116 m@6 IIANAX 28,81,73 
ipr-mu LD30:8734 mghg IJANAX 28.81.75 
Pm-mus LD3O:tkix IngAg JJANAX 28.81,73 

THR: LOW ipr. ivn. 
Disaster Hazard; When heated to decomp it emits very 

tax fumes of SU, and NO,. 

DEACETYL-HT-2 TOXIN 

CAS RN: 34114-98-2 NIOSH $: YD 0105ooO 
mfi &Ha,,Oi; mw: 370.49 

TOXICITY DATA: 3 CODEN: 
--kkn LD3W30180 u&g AEMlDP 33.636.78 

?: HIGH orl. 
_ .,aster Hazwd; When heated to decomp it emits acrid 

smoke and fumes. 

DEACETYLMULDAMINE 

CAS RN: 36069462 NIOSH #: QG 1360053 
n-J C,,H,,YO,: mw: 416.74 

TOXICITY DATA: 3 CODEN: 
orbham TDLa: I30 mgntg (7D prq) IAFCAU 26.361.78 

i-HR: HIGH url. 
Disaster Hazard: When heated to decomp it emits tax 

fumes of NO,. 

Z-DEAMISOACTINOMYCIN D 

CAS RN: 10118328 NIOSH #: AU 1595ooO 
mf. C~zHssN,,016; IIIW: 1240.0 

TOXICITY DATA: CODEN: 
dnd-mam:lym 3203 nmoVL JMCMAR 20.1033.77 

THR: MU-I data. 
Disaster Hazard: When heated to decomp it emits tax 

fumes of NO=. 

7.DEAZAINOSINE 

S RN: 2862160 NIOSH #: UY 945oooO 
CI,H~JN~O.; mw: 267.27 

TOXICITY DATA: 3 CODEN: 
orl-rat LD30:26 mg/kg CNREAS 29.116.69 
qx-n, LDJO:23 mg/kg CNRE.48 29.116.69 
YWRC LD50.24 m&/kg CNRL-3 29.116.69 
ipr-mur LD30: 30 mgkg CNREAB 29,116.69 
OddOg LDb:48 ,“&8 CHRP.8 29.116.69 
imdog LDLo:48 m#kg CNREA8 29.116.69 

THR: HIGH orl, ipr, scu, ivn. 
Dicarter Hazard: When heated to dsomp it emits tax 

fumes of NO,. 

DECABORANE(l4) 

CAS RN: 17702419 NIOSH #: HD 1400000 
mT: BloH1,; mw: 122.24 

Colorless needles. mp: 99.7’, d: 0.94. (solid), d: 0.78 (liq 
uid 8 1000), vap. press: 19 mm @ loOa. 

SYN: 
DECABORANE (DOT) 

TOXICITY DATA: 
cd-rat LDM:64 m&g 
ihl-rat LC30:46 ppd4H 
rkn-nc LD30:740 mg/kg 
ipr-rat LD30:23 mgkg 
O~hWS LD%:40 ‘It@8 
lhl-mur Lc30: 12 ppm/4H 
,pr-m~( LDM:32 rnflg 
tprdog LDLo: 10 mgfkg 
r!a-rbt LD30‘7I mg& 
~pr-rbt LD30:28 mg/k8 

3-2 CODEN: 
MUR- N&8.31 
AMHA 17.362.38 
AMIHAB 11.132.U 
AMIHBC 8.333.33 
AMIHAB 11.132.55 
hTIS.* AD22M06 
A.WH.46 11.132.33 
AMRL- Wt.6549 
M(IHAR ll.lJ2.33 
A!!IHBC 8.335.33 

TLV: Air: 0.05 ppm DTLVS* 4,118,80. OSHA Standard: 
Air: TWA 300 ue/m3 (skm) (SCP-Q) FEREAC 
39,23540,74. DOT: Flammable Solid, Label: Flamma- 
ble Solid and Poison FEREAC 41,57018,76. Reported 
in EPA TSCA Inveatoty, 1980. EPA TSCA 8(a) Pre- 
liminary Assessment Information Proposed Rule FER- 
REAC 45,13646,80. AIHQA5 l&280,55. 

THR: HIGH orl, ihl. ipr. skn. MOD skn. See also boron 
compounds and boron hydrides. Self-ignites in OZ. 

Disaster Hazard: When heated to decomp it emits tax 
fumes of B oxides. 

Incomp: ethers, halocarbons; O2 @ lC!O”; dimethyl sulf- 
oxidc. 

For further information see Vol. 1, No. 8 of DPIM Report. 

l,Ia,3,3a.4,5,5aSb.6- 
DECACHLOROOCTAHYDRO-2-HYDROXY- 
l,J,CMETHENO-lH- 
CYCLOBUTA(e,d)-PENIALENE-2-LEVULINIC 
ACID, ETHYL ESTER 

CAS RN: 4234791 NIOSH #: PC 8400000 
mf: ClrHIIClloO,; mw: 634.79 

SYNS: 
cc.9160 YELEVM 

TOXICITY DATA: 3 CODEN: 
or,.m LD30:233 m&g B!ZW.AT 13.96.69 
OrldO6 LDSO:UX) mg/Lg BFSAAT 13.96.69 
rh-k-4 LDSO: 188 t”gnt6 FXSAAT L3,96,69 
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. The follwiog facilities were identified as public worka shops: 

9 
468 Iz, 768 

c. Laboratory 

e. Auto Vehicle Maintenance NONCOMB 

yjxl (!y$, . 

488 

330 

4 
/z 76s 

d688~ (0,000 



444-9566 

114:JCU 

MEMORANDUM TO FILE 

Subj: Review of property records, general dcvcloplrnt mapping, file 

information and discussions with knowlcdgablc personnel relative to 

Proposed Property Exccssing Naval Training Center, Bainbridge, 

Mmylsnd 

L. Subject effort was undertaken to provide a data base on which to predict 

the degree of contamination, if any, at NTC Baiobridge prior to the planned 

excessing of property. 

2. The sources of information include property records, dcvelopwnt oops, 

file review, aud discussions with LANTNAVFACENCCOH personnel knowledgeable 

with NTC Painbridge. 

The findings include: 

us 
a. Class 2 Property i&cords, WNOOQ93, NTC gainbridge Maryland, list 

the following facilities as Hurrdous/Fl~ble Storehouars: 



0 High Explosive Magazine 

g- 81~11 Arms/Pyrotechnics Hazagine 

9 
‘LB 204A 63 

h. 80~11 Arms Range 

3. Central Development Xapr indicate an oil separation pit near Bldg. 53. 

Additionally, it appears there was a XCON Project, P-144, to rehabilitate a 

fire fighting school. 

4. There was an open salvage, storage, and supply area near &rilding 754. 

4 
5. During a 1980 virit, LANTNAVPACENGCON personnel 

rJ” 
A 

2 or 3 pole mounted 

tranrformrr which had dropped from their supporting rtructurcs ad had 

+oken open. The chemical nature (PCB vs. non-PCB) of the contents was' 

.Known. 

6. It is understood that the property to be excessed includes a raw water 



mp station and a raw water metering vault. These should be axmined for 

PCB transfonnr and mercury flow gauge, respectively. 

7.#he fil e infomatiou is unclear, but it rppesrs these may have been more 

than oue landfill. 
wt) DevelogPcnt lpppr indicate a sanitary fill just north of 

the golf course, while an employee recalls a landfill under the golf course. 

8. A 1978 Pest Control Program Review indicated the use of: BHC, DDT, 

Yorlan, Dioyinoa, Malathion, Chlordone, Captan, 
AfJ 

Zincb, Ka&h&e, Lead Om,' 

Aramitc, and non-specific herbicides and soil sterilants. 

9. A 1968 Pest Control Program Review includes the recmnded landfill 

sposal of the follow&g: 

Aramite 15-W (Hiticide) 

BBC 11% E.C. 
w 

Block keaf 3Ab (Nicotine Sulfate) 

Captan so UP 

Copper Sulfate 

DDT 25X E.C. 

DDT 20% O.S. 

DDT 5% 0;s. 

Ferbam 

Karathane 

Red Squill 

Ryonia 

60 lbs 

150 gal 

60 gal 

110 lbs 

20 lbs 

350 gal 

350 gal 

100 gal 

20 g81 

80 lbs 

15 lbs 

60 lbs 



10. Two water sampler frm spring8 at the golf course collected in 19, 

indicated no PCB or pesticide cootaminatioa to these waters. 

11. Based 
44 

only on the above information and emphozing that no site survey 

has yet been perfo-d, it appears that there is likely contamination of 

sume portions of NTC Bainbridge by PCB's and pesticides. The oil separation 

pit and fire fighting school msy be additional sites of contamination. 
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GROUND-WATER OCCURRENCE IN THE 

MARYLAND PIEDMONT 

1. J. Nutter and E. G. Otton 

ABSTRACT 

Factors governing the occurrence of ground water in the crystalline 
rocks of the Maryland Piedmont are complex and variable. The crystalline 
rocks consist of schist, gnkiss, granite, quartzite, marble, metagabbro, and 
other rock types of lesser importance. The rocks of the area range in 
geologic age from Precambrian to e; ly Pi:leozoic. 

Analysis of the hydrologic cycle, an important factor governing the 
occurrence of ground water, indicates that effective ground-water recharge 
is about 11 inches per year, or about 500,000 gpd (gallons per day). Much 
of the ground water in the area is stored in the weathered zone (saprolite), 
having an average thickness of about 45 feet. Many wells yield water occur- 
ring in’ joints, fractures, and other crevices in the rocks; the occurrence 
and distribution of these features are difficult to predict, but the drainage 
pattern and surface topography of the Piedmont reflects the existence of 
major joint systems in the rocks. Statistical analysis of well yields and 
specific capacities shows that wells situated in valleys or draws yield three 
to four times as much water as wells on hilltops or divides. Based on an 
analysis of more than 1,300 well records, little signifiunt difference was 
observed for the yield of wells in different rock types, although, based on 
mean yields, wells in marble are the most productive. The mean yield of all 
wells is about 9 gpm (gallons per minute) and the mean specific capacity 
is 0.6 gpm per foot of drawdown. Most of these wells were drilled for 
domestic use. 

The ability of the crystalline rocks to transmit and store water is 
shown by aquifer tests to be extremely variable, CoeflWents of trans- 
missibility range from less than 100 to 35,000 gpd per foot, but commonly 
are in the range of 2,000 to 7,000 gpd per foot. Coefficients of storage, 
based on aquifer tests, range from 0.002 to 0.05. However, the long-term 
gravity yield of the regolith (the zone contributing to the base flow of 
streams) is about 8 percent. 

Electric, gamma-ray, temperature, and caliper logs of several wells in 
the crystalline rocks provide a useful means of identifying water-bearing 
zones and identifying changes in the character of the rocks. 

Statistical analysis of wells grouped by lOO-foot depth intervals indi- 
cates a decreasing probability of obtaining a specified yield with increasing 
depth below 100 feet. A map in the report shows the extreme areal variabil- 
ity of the yields of wells in the crystalline rocks, and indicates spdk 
areas where the wells are of lower than average productivity. Wells in 
other areas are shown to have higher than average productivity. 
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Purpose and Scope 
The occurrence, movement, and distribution of 

ground water in crystalline-rock’ terranes have 
been studied by several workers during the last 60 
years. Among the first comprehensive reports was 
one by Ellis (1906). which described ground- 
water conditions in schistose and gneissic rocks 
in Connecticut. Although the records of several 
thousand wells have been studied and related to 
rock type, topography, and geologic structure, a 
complete understanding of crystalline-rock geo- 
hydrology has not yet been attained. The lack of 
complete understanding of crystalline-rock geo- 
hydrology is the result of several factors, among 
which are the extreme variability of the occur- 
rence of fractures and joints in crystalline rocks 
and the lack of detailed well logs in which the 
Iithology is accurately described and the zones of 
water entrance are delineated. In many areas 
faults, joints, and fracture planes in the rocks 
cannot be observed because of the overlying thick 
cover of weathered rock (saprolite) and subsoil. 
Hence, the relationship of these features to the 
occurrence of ground water can only be inferred. 

The purpose of the investigation was to study, 
in greater detail than had formerly been done in 
Maryland, the occurrence and availability of 
ground water in crystalline-rock aquifers. Objec- 
tives of the report include appraising the factors 
governing yields of wells in crystalline rocks, 
describingthe methods of analysis used, compiling 
all available data and presenting new data relating 
to the hydraulic properties of crystalline rocks in 
Maryland, and describing geophysical logging 
techniques as they relate to crystalline-rock wells. 
The data presented in the report should be helpful 
jn selecting favorable drilling sites and in recog- 
nizing the hazards in attempting to develop 
ground-water supplies in unfavorable sites or 
areas. 

Area Covered 
The crystalline rocks, lying chiefly within the 

Piedmont physiographic province, are present in 
a broad band extending northeastward from 
Washington, D. C. to the vicinity of Elkton in 
Cecil County (fig. 1). These rocks extend west- 
ward from the Fall Line to the Frederick Valley, 

1 Crystalline rocks, for the purpose of this report, arc 
considered to be relatively hard dense rocks which are 
either 1) metamorphosed sediments or 2) intrusive or ex- 
trusive igneous rocks which have been metamorphosed to 
varying degrees. 
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where Ordovician limestones and Triassic sand- 
stones and shales crop out. ~Crystalline rocks also 
occur along a relatively narrow bolt lying within 
the Elue Ridge province but are separated from 
their main body to the east by younger limestones 
and sandstones. The area covers the major part 
of 5 counties and about one-half of each of 2 other 
counties, and totals about 2,100 square miles. 

-s of lnvertisptian 
The study of ground water in crystalline rocks 

has involved several methods of approach. First, 
various factors such as well depth, yield, rock 
type, and topographic situation, have been analyzed 
statistically to determine their interrelationships. 
Approximately 8.000 well records from the Pied- 
mont region were available for this purpose. Most 
of these have been published by the Maryland 
Geological Survey and the U. S. Geological Survey 
as part of the cooperative series of water-resources 
investigations in Maryland. 

In some areas the availability of cores or sample 
cuttings permitted close correlation between geo- 
logic and hydrologic factors. Streamflow measure- 
ments, precipitation data, and records of water- 
level fluctuations in observation wells made pos- 
sible a study of the hydrologic budget in the 
crystalline-rock terrane. Use of geophysical well 
logs assisted in understanding subsurface condi- 
tions in the boreholes. Study of the geomorphology 
of the region, including the patterns of streams, 
has provided insight into the occurrence of ground 
water in the rocks. Aquifer tests and laboratory 
determination of the hydrologic properties of the 
rocks have contributed to an understanding of the 
movement of ground water. 

The authors of this report have drawn heavily 
on information compiled for a number of previous 
reports. Among these are: The Ground-Water Re- 
*ouwes of the Piedmont Part in The Water Re- 
sources of Baltimore and Harford Counties 
(Dingman and .Ferguson, 1956) ; The Grmdnd- 
Water Resources in The Water Resources of 
Carroll and Frederick Counties (Meyer, 1958) ; 
The Ground-Water Resowces in The Water Re- 
sources of Howard and Montgomery Counties 
(Dingman and Meyer, 1954) ; The Ground-Water 
Resources in The Water Resources of Cecil, Kent, 
and Queen Annes Counties (Overbeck and 
Slaughter, 1958) ; Water Resources of the Balti- 
more Area, Maryland (Otton, Martin, and Durum, 



Well-Drilling Methods 
Eecause well data largely form the basis of this 

report, it is pertinent to discuss briefly the two 
principal well-drilling methods, percussion and 
air-rotary. used in crystalline-rock areas. 

Percussion drilling, the older and simpler of the 
two methods, is known by several terms including 
cable-tool, churn, and spudder drilling. The hole 
is drilled by lifting and dropping a heavy string 
of tools in the borehole. The drill bit crushes the 
rock into small fragments which are removed 
periodically in the form of a slurry by means of a 
bailer. It is necessary that water be put into the 
borehole to form the slurry if no water is present. 
The main disadvantages of this method are the 
slow rate of penetration and ,the difficulty in iden- 
tifying the precise depths at which the water is 
entering the borehole. Some well drillers claim 
that the cable-tool method has the advantage of 
being less likely than the rotary method to cause 
clogging or blocking of the water-yielding crevices 
during the drilling operation. This claim is chal- 
lenged by other drillers. 

Ail--rotary drilling is rapidly becoming the most 
commonly used method in the Maryland Piedmont. 
Compressed air is ciIvuiated downward through 
the drill pipe, out through ports in the drill bit, 
and.upward through the annular space around the 
drill pipe. Air moving at a high velocity through 
the annular space carries the cuttings to the sur- 
face. Roller-type rock bits, similar to those used 
in mud-rotary drilling, are sometimes used in air- 
rotary drilling, but the “down-the-hole-hammer,” 
a pneumatic hammer operated at the lower end of 
the drill pipe, is generally more efficient for 
crystalline-rock well drilling. The main advan- 
tages of the air-rotary method are the rapid rate 
of penetration and the fact that, by observing the 
amount of water being blown out of the well, the 
water&earing zones can be determined more ac- 
curately than by the cable-tool method. Modern 
air-rotary drills are considerably more expensive 
than the older cable-tool drilling machines. but 
this disadvantage is compensated for by the 
rapidity with which holes can be drilled by the 
air method. Commonly, wells are drilled at a rate 
of 100 to 200 feet per day by the air method. 

Well Protection ond Development 
Some wells drilled in the crystalline rocks are 

grouted from the land surface down to the base 
of the saprolite zone, or occasionally to seal off an 
undesirable zone of flowing mud or caving mate- 
rials at greater depths. The chief purposes of 

grouting are to protect the water supply from 
:Jdlution ant1 to presel*vc the ~(311 casing from 
exterior corrosion. 

Seat cement and cement slurry arc ihe chief 
prouting materials. The cement may be pumped 
clown the outsith~ of the tasing if thy 1~0rr~hol~~ is 
sufficiently large, or it ma\- IW pumpetl into) the 
annular space at the base of the casing where it 
rises upward between the casing and the boreholc 
wall. In the latter instance, it may bc necessary 
later to drill out the cement plug in the b&tom of 
the casing in order to proceed with the drilling 
of the hole. Caution should be exercised in placing 
the grout at the base of the saprolite so that the 
grout does not seal off the water-bearing tctne WM- 
monty encountered at this horizon. 

l’arious regulations concerning grouting of 
wells h:j~e been adopted by the Maryland Dcpart- 
ment of \Vatclr Resources. and modifications of 
these regulations are in effect in certain counties. 
Information concerning these regulations is avail- 
able from the regulating agency. 

Different methods of well improvement haye 
been tried where the yield of a well is inadequate, 
even for domestic use. One such method, not 
known to have been applied to wells in the Mary- 
land Piedmont, is the use of dilute hydrochloric 
acid in wells in marble or limestone formations. 
Acidizing of wells is an expensive technique re- 
quiring specialized equipment and knowledge, but, 
in certain instances, the results may be worth the 
cost. Bialek (1956) reports that satisfactory re- 
sults were obtained in about 70 percent of the 
limestone wells acidized during the period 1946-55 
in five mid-western states. Acidizing is considered 
to be successful where thtl yield of a well has been 
significantly improved as a result of the use of the 
technique. 

Another method of well improvement which has 
been occasionally tried in the crystalline rocks is 
the use of dynamite. The object of dynamiting is 
to shatter the rock near the borehole and thus 
intercept water*-bearing crevices which may lie 
near the’ hole but have not been intercepted by it. 
Drillers have reported little success ‘with this 
method, especially in schistose rocks, but informa- 
tion on specific tests of the method is meagre. 

Dynamiting was unsuccessfully tried in a well 
penetrating the Baltimore Gabbro Complex in 
eastern Baltimore County. The well is 430 feet 
deep and the gabbro, a hard dense rock, is over- 
lain by 127 feet of sedimentary deposits. Approx- 
imately 32 pounds of dynamite were exploded in 
four charges (8 pounds each) at depths ranging 
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System Geologic unit, Zithology, 
and Croup and thicknsns 

c 

C. Eastern Pkdmont m&odhaMory rodcs. 

Peach Bottom Slate 
Hard, bluish-black graphitie slate, thin beds of line-gmined black quortzite near base; apparent m&mum 
thickness 1,000 feet. 

Cardiff Metaconglomerate 
Silvery-gray, well foliated. micaceous quartz pebble metacongiomerate and quart&e; apparent maximum 
thickness 700 feet. 

Upper Pelitic Schist 
(Formerly mapped as albite facies of Wissahickon Formation.) Albite-chlorite-muscovite-quartz schist 
with sporadic thin beds of laminated micaceous quartzite; coarsens from west to east; primary sedimen- 
tary structures include normal bedding, graded bedding and soft-sediment deformational structures; ap- 
parent thickness 11.000 feet or more. 

Metagraywacke 
(Formerly mapped as Peters Creek Formation.) Rhythmically interbedded chlorite-muscovite metagray- 
wacke and fine-grained chlorite-muscovite schist; graded bedding locally preserved; thickness probable 
2,000 to 3.000 feet. 

Metaconglomerate 
Silvery-gray, well foliated, micaceous quartz-pebble metaconglomerrte and quartz&e; thickness about 
1,200 feet at Deer Creek, Harford County. 

Boulder Gneiss 
(Formerly mapped as Sykesville and L.aurel Formations.) Thick-bed&d to massive, pebble and boulder- 
bearing, arenaceous to pelitic metamorphic rock; typically a medium-grained, gamet-oligoclose-micaquartz 
gneiss; locally an intensely foliated gne.iss or schist; apparent thickness 15,000 feet 

Lower Pelitic Schist 
(Formerly mapped as oli-lase facies of Wiosahickon Formation.) Medium to coarse-gnined bioti* 
oligoclase-muscovite-quartz schist with garnet, staurolib, and kyanite; fine-to-medium-grained semipel;. 
tic schist; and tine-grained granular to weakly schistose psammitic granulite; psammitic beds increase up- 
ward: ‘apparent thickness 5,500 feet or more. 

Cockeysville Marble 
Metadolomitc, talc-schist, and calcite marble are predominate; talc-gri’eiss and’ talc-silicate marble wide 
spread but minor; thickness about 750 feet. 

Setters Formation 
Ppper member: Feidspathic mica schist and mica 
fied with thin beds of mica schist; lower member: 

irs; middle member: Impure quartz&z inter-&r&i- 
lir 

tized: total thickness 200 to 500 feet. 
edmm-grained, feldspathic mica schist; 1ocaIly grmni- 

Baltimore Gneiss 
Biotite-quartz-feldspar gneiss and biotite-hornblende gnehs; amphibolite wider read but subordinate; tax- 
turally varied; granitic gneiss, veined gneim? augen gneiss, banded gneiss, an B mtgmatite, in places com- 
plexly intermingled; age 1,100 m.y.* by radiogenie dating. Layered paragneiss in Baltimore City south- 
west of Relay Quartz Diorite. 

* Radiogenic date from Wetherill and-others, 1966 
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Several factors govern the occurrence of ground 
water in the crystalline rocks. Among these are: 
the elements of the hydrologic cycle such as pre- 
cipitation and evapotranspiration ; the nature and 
thickness of the weathered rock mantle; jointing, 
fracturing, and faulting of the rocks; topographic 
factors ; and lithologic. mineralogic. and textural 
characteristics of the rocks. 

Hydrologic Cycle and Wafer Budget 
Precipitation, the source of all ground water in 

the crystalline rocks in the Maryland Piedmont, 
ranges from about 43 to 46 inches per year. Pre- 
cipitation is the beginning element of the vast un- 
ending circulation of the waters of the earth, 
known as the hydrologic cycle. This gigantic 

water-circulating system is operated chiefly by the 
energy of the sun (fig. 3). Water is evaporated 
from the ocean, from the land, and from smaller 
bodies of water such as ponds and streams. Some 
of the water falling on the land returns to the sea 
as overland runoff, but some of it enters the soil 
zone and percolates downward to saturate the 
underlying rocks. The water level in the saturated 
rocks rises to a position sufficiently high to cause 
the water to discharge into nearby streams or 
ponds. Thus, a lag-time is introduced into the sys- 
tem and some water is stored in the rocks for a 
variable period of time. Ultimately, however, the 
system is balanced, and over a long period of time 
the input into the rocks (or aquifers) must equal 
the output. Thus, the water in storage in the rocks 

Rguro 3.lha hydrologic cyck in the ctystallbn-rock arws of ktyland (from Dingn#n and FOWH4fb 19561. 
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used by Dingman and Ferguson, was determined 
on the basis of equating ground-water recharge 
with long-term base flow of the stream, or ground- 
water discharge. 

In summary, the 11.3 inches of ground-water 
runoff reported for the Little Gunpowder Falls 
basin appears to be a more reliable measurement 
of the ground-water runoff component of the hy- 
drologic cycle in this region. Over a long period of 
time ground-water runoff must equal ground- 
water recharge. Thus, the ground-water recharge 
for the Gunpowder Falls basin is approximately 
197 million gallons per year per square mile, or 
about 540,000 gpd per square mile. This rate com- 
pares favorably with the 535,000 gpd per square 
mile reported by Olmsted and Hely (1962. p. A-8) 
for the Brandywine Creek basin in southeastern 
Pennsylvania. Probably these values are appli- 
cable to other Piedmont drainage basins having 
similar geologic, topographic, and meteorological 
parameters. 

T 

Water-tabEe Fluctuations: Ground water occurs 
in aquifers under unconfined (water-table) or con- 
fined (artesian) conditions. Water-table conditions 
occur where the top of the zone of saturation is in 
direct contact with the atmosphere through the 
porous soil and weathered mantle. Under artesian 
conditions the water in the aquifer occurs beneath 
a confining bed and when tappd by a well the 
water level rises to some point in the well deter- 
mined by the head in the recharge area less fric- 
tional losses in head resulting from transmission 
of the head through the aquifey. In the crystailine 
rocks water encountered in the deeper crevices 
may be under localized artesian head. The piezo- 
metric surface of an artesian aquifer is an imagi- 
nary pressure surface existing in a localized or 
regional artesian system. The line of demarcation 
between confined and unconfined conditions is not 
sharp, and in many cases it is difficult to cletermine 
whether artesian or water-table conditions prevail 
at a given.well. 

/  j I  
DEPTH: 407 Ff i I 

I I I I ’ AQUIFER ; UPPER PELITIC SCHIST 

Reurr, 4.-HydKqmphs showing wafw-level flw inebmwMonwollsCar-W1andkl-Df39. 
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the range of 5 to 6.5..The silicate minerals in the 
rocks are altered to hydrated alumina, silica, and 
soluble compounds in the hydrolyzate. Cations 
such as sodium, potassium, magnesium. and cal- 
cium are removed from the saprolite by leaching. 
The more resistant minerals tend to remain behind 
in the form of alteration products. Where an oxi- 
dizing environment exists in the soil profile, fer- 
rous iron is oxidized to form limonite and hematite 
zones. The clay-size fraction of the saprolite 
commonly consists mainly of kaolinite and mus- 
covite; the silt-size fraction mainly of kaolinite, 
quartz, and muacovite; the sand and rock frag- 
ments are largely quartz and feldspar. 

Stewart (1962, p. E-106) reports that the 
maximum porosity of the saprolite at a site near 
Atlanta, Ga., occurs at a depth of about 30 to 4.5 
feet. Observations at several localities in the 
Maryland Piedmont tend to substantiate the con- 
clusions of Stewart that the saprolite is somewhat 
more permeable within the soil zone (O-3 feet) 
and tends to decrease below this depth, but the 
permeability increases again near the contact 
of the saprolite with the underlying bedrock. Well 
drillers frequently report “sand” material and 
boulders in this baA1 zone, and this zone com- 
monly is the place where the first ground water 
in a well is reported by the drillers. Stewart states 
(p. B-107) “the porosity of the saprolite is great- 
est-as much as .54 percent-at depths of 30 to 
-10 feet, but decreases with depth as saprolite 
grades into unweathered rock. The porosity of the 
unweathered rock is about .? percent, or about 
one-ninth the average porosity of the saprolite. 
The specific yield determined from the samples 
decreases with increasing depth, and the amount 
of water in storage below 40 feet decreases 
markedly. The average specific yield of the sapro- 
lite is about 21 percent and ranges from about 28 
percent in the upper part of the saproIite to 0 in 
unweathered rock. . . . . For practical purposes 
the specific yield of the unweathered rock is zero.” 

In massive equigranular rocks such as marble, 
granite, and gabbro, weathering occurs primarily 
along joints, whereas in schistose and gneissic 
rocks weathering also occurs along planes of schis- 
tosity, cleavage, and mineral layering (Cleaves, 
1968, p. 10). One of the chief differences between 
saprolites derived from massive rocks and those 
derived from schistose rocks is the tendency t+ 
ward the formation of residual boulders in the 
massive rock. This is especially true of marble, 
where residual boulders are very common and, 
where present, cause problems in well drilling. 

Residual boulders also occur in saprolite in areas 
underlain by gabbro. 

Although data relating diffelvnces in the char- 
acter of saprolite with changes in the character 
of the underlying fresh rock are scanty and could 
not be studied in detail in the pres:cnt study, cer- 
tain general statements can be made. Rocks such 
as gneiss and quartzose schist, which contain sig- 
nificant proportions of quartz, tend to weather to 
a sandy, fairly permeable saprolite, whereas rocks 
with little quartz, such as gabbro and metabasalt. 
tend to weather to less permeable saprolite with 
higher clay content. In some areas marble 
weathers to saprolite with high clay content and 
low permeability, but in other areas it weathers 
to permeable dolomite sand (Choqrrette, 1960, p. 
1039). In the areas where thick deposits of dolo- 
mite sand occur, excellent conditions exist for 
obtaining moderate quantities of water from wells 
having well screens or slotted casings surrounded 
by graded gravel envelopes. 

The thickness of the saprolite can be approxi- 
mated by using the length of casing reported by 
well drillers. Commonly, casings are seated at 
the top of hard,. dense rock. 

The saprolite in the Maryland Piedmont ranges 
in thickness from a few feet to over 100 feet and 
averages about 45 feet. It is normally thickest 
beneath hilltops and ridges and thinnest beneath 
valleys, although there are exceptions to this gen- 
eralization. For example, near Laytonsville. Mont- 
gomery County, the saprolite found in four wells 
located in a broad valley is as thick as, or thicker 
than, that found in two adjacent wells on hilltops. 

The average thickness .of the saprolite is slightly 
different in the various formations. Table 3 lists 
the average saprolite thickness (based on length 
of casing) for !wells drilled in several rock units 
in Baltimore, Hanford, and Carroll Counties. 

The data from the three sources listed in table 
3 are in agreement with the single exception of 
the metagraywacke data from Carroll and Fred- 
erick Counties. This discrepancy is probably due 
to the small size of the sample, as only 19 wells 
were used to compute average saprolite thickness 
for the metagraywacke. 

hbWphiC Rank 
The metamorphic rank in the Piedmont rocks 

is the highest in the vicinity of the gneiss domes 
and decreases progressively away from them, 
Figure 7 is a map showing the gneiss domes and 
the approximate positions of the sillimanite, kya- 
nite, staurolite, and garnet isograds in the Pied- 
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joints were counted across a distance of 1,100 
feet, or an average spacing of 10.3 feet between 
joint planes. The average angle of dip of 60 joints 
is 73’ from the horizontal ; the rocks in the quarry 
are designated as the Port Deposit Gneiss. 

Balk (1937, fig. 7) shows that in the lowe 
Swenson granite quarry near Concord, Sew 
Hampshire, there are 34 joints along a distance 
of 315 feet, having an average spacing of 9.3 
feet between joint planes ; the average dip of 33 
joint planes was 67” from the horizontal. Pre- 
sumably, the mean spacing of joint planes in New 
Hampshire is about the Same as it is in Maryland 
in similar types of rocks. 

In summary, from the data given above, it 
appears that in many areaS underlain by crystal- 
line rocks the average spacing of joint planes 
inay be expected to range from 10 td 20 feet. 
Thus, wells drilled several hundred feet into the 
rocks may be expected to intercept several joint 
planes, especially where angles of dip of the joints 
range widely from vertical. In general, schists are 
poorly jointed, compared to equigranular rocks 
such as granite or diorite. The relative absence 
of major joints in places in schists may account 
for the poor yield of wells in some localities under- 
lain by schistose rocks. 

A fault may occur in rocks where two blocks 
or rock masses have been displaced, or sheared, 
along a plane of rupture. Faults are import8nt 
with regard to the occurrence of ground water in 
crystalline rocks, as they may provide conduits 
for movement of water through the rocks, or they 
may cause abrupt changes in the hydrologic prop 
erties of the rocks where rock m8sses of differing 
character are placed in contact with one another 
due to displacement along major zones of faulting. 

Although faults are common in the crystalline 
rocks, they can usually be observed in detail only 
in quarry walls or along road cuts. Displacement 
of rock m8sses along faults in the Piedmont 
ranges from a fraction of an inch to several 
thousand feet. 

17 

Where openings in the rocks persist along fault 
planes the movement of ground water is facili- 
tated, and such openings may exist along many 
faults. However, in many places faulting is accom- 
panied by the creating of “gouge” or the crushing 
of the rock along the Plane of displacement. Gouge 
commonly weathers to impermeable clay or silt. 
Where it is present, it retards the movement of 
ground water. 

Data concerning the spacing and frequency of 
faulting in crystalline rocks are meagre, but the 

little information available suggests that faults, 
at least minor ones, are far more common than 
might be assumed. Warner and Robinson (196’7, 
p. 115) indicate that along the 77,020 feet of the 
Harold D. Roberts Tunnel faults occur on the 
average of one per 36 feet of tunnel. Hershey 
(1937, pi. 17) indicates that in the Port Deposit 

quarry (Port Deposit Gneiss) the average spacing 
of shear zones across 600 feet of quarr:; is 66 
feet, or one per 9 feet of quarry wall. 

Describing an area underlain by Triassic shale 
and sandstone in Lancaster County, Pa.; H. E. 
Johnston (1966, p. 30) states: “Movement of 
rock masses along a fault plane may prcltluce a 
zone of intensely fractured rock along the fault, 
thereby giving rise to a linear zone of high 
permeability. Data on a few wells near faults in 
the New Oxford Formation south of Denver in- 
dicate that highly permeable zones do exist near 
some faults. Several high-yielding wells are on or 
near faults in the New Oxford Formation at the 
edge of the borough of Akron.” 

In a few places in the Maryland Piedmont faults 
may be indicated by linear zones of springs, but 
the geologic evidence for faulting is inconclusive 
at these places. 

To evaluate the role of faults in the geohydrol- 
ogy of the crystalline rocks the writers assembled 
data for nine wells in the Maryland Piedmont 
known to be situated along faults ; these data are 
in tsble 4. 

Only one of the wells in table 4, Mont-DC 3, 
has a yield or specific capacity which is signifi- 
cantly higher than the average for either of the 
formations in contact along the fault plane. The 
average yield of the nine wells shown in table 3 
is about 6 gpm, which is less than the average 
yield (about 9 gpm) of more than 1,100 crystal- 
line-rock wells in the Msryland Piedmont (table 
5). The average specific capacity of the six wells 
for which data are shown in table 4 is about 0.8 
gpm per foot of drawdown ; this value is only 
slightly greater than the average specific capa- 
city (0.6 gpm per foot) of more than 1,300 rock 
wells (table 5). 

Because of the relatively small number of wells 
along faults for which data are available, no sta- 
tistically valid conclusion c8n be drawn from the 
information in table 4. However, the data suggest 
that the role of faults in the occurrence of ground 
water may be more complex than previously in- 
dicated. It is likely that the kind of rocks involved 
in the faulting may be important in determining 
whether or not faults can function as ground- 
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by the underlying crystalline rocks is shown in least three-fold: First, wells penetrating one or 
figure 8, which covers an area of about 300 square more joints, two or more joints, or the inter- 
miles in northern Baltimore, Harford, and Car- 
roll Counties. Analysis of stream azimuths in 
the figure shows close agreement between the 
azimuths of the streams and azimuths. of joints 
in rocks in quarries in nearby areas, as reported 
by Broedel (1937, pl. 30) and Hershey (1937, 
pl. 17). Knowledge of the trend and pattern of 
joints and fractures in the rocks, as revealed 
by the drainage pattern, thus may serve to show, 
by extension of the stream trend, where the 
larger joints may be expected in upland local- 
ities, distant from streams. 

The ’ significance of joints and fractures with 
regard to the occurrence of ground water is at 

section of two or more joints, may be expected 
to have greater yields than wells which fail to 
intersect any joints. Second, the depth of weather- 
ing is often significantly greater along joint 
planes, or at their intersection, than where joints 
are absent. Third, joint planes contributing water 
to an uncased well bore may intersect a nearby 
stream. or ditch, thus providing a direct source 
of recharge to a well and a likely source of pollu- 
tion of the well water. Although many wells have 
been drilled along extensions of the trends of 
joint or fracture plans. as inferred from topo- 
graphic maps, it has seldom been possible to de- 
termine that the wells of better-than-average 
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capacity commonly encountered along such trends 
owe their better yields to the existence of the 
underlying joint planes. This is largely due to 
the practical difficulty of identifying joints or 
fractures in the well bore. Probably most of the 
water-yielding planar openings are less than 1 
inch in width and many may be less than one- 
fourth inch in width. In most instances, the nature 
of the underlying rock structure and texture 
is completely masked by the products of rock 
weathering, soil cover, vegetation, and (in urban- 
ized areas) cultural features. 

Statistical Analysis of Topographic Position of 
Wells: Previous workers studying the geohydrol- 
ogy of crystalline-rock terranes (Meyer, 1958, p. 
44 ; Dingman and Ferguson, 1956, p: 36 ; and 
LeGrand, 1967, p. 2) have observed that wells 
situated in valley flata, draws or lowlands are 
more productive than wells situated on hilltops 
or dissected uplands. For example, Meyer reports 
that in Carroll and Frederick Counties the aver- 
age yield of wells on hilltops is 10 gpm and the 
yield of wells in valleys, valley flats, and draws 
is 27 gpm. The yield ratio of the two classes of 
wells is slightly leas than 1 to 3. 

A more detailed analysis was made in this in- 
vestigation of the yields, specific capacities, static 
water levels, and depths of 150 randomly selected 
Piedmont wells, of which 75 wells are situated 
on hilltops (uplands) and 75 wells are in valleys 
or draws, but with the additional :actor of depth 
of penetration included. The results of this analy- 
sis are in figure 9. Well data in the two major 
categories (valley and hilltop) were tabulated in 
order of magnitude, and the frequencies computed 
by the method used by Kimball (1946, p. 846). A 
given specific capacity-penetration (S.C.P.) fac- 
tor value is plotted against the percent of wells 
whose S.C.P. factor is greater than that value on 
logarithmetic probability paper. The position of 
the graph for a topographic category indicates the 
relative water-yielding properties with respect to 
the graph of the other category. The, slope of the 
line indicates the water-yielding properties of a 
given category ; steeper slopes generally signify 
greater variability. 

Two important variables govern the yields of 
crystalline-rock wells. These are: 1) the gross 
permeability of the rock, which is dependent on 
the number of water-yielding fractures or in- 
terstices penetrated by the borehole; and 2) the 
total depth of penetration of the hole below the 
top of the zone of saturation. Thus, a well pene- 

w 9.-Spuific capacity-ponotration factor froqwncy 
f$q&Ktwiflg off& of topogmphic position 

. 

trating several hundreds of feet below the top 
of the zone of saturation should have a greater 
opportunity to intersect water-bearing crevices 
than a well penetrating only a few tens of feet. 
This has been designated the penetration factor 
and commonly ranges within 1 to 2 orders of 
magnitude. The specific capacity (yield in gallons 
per minute per foot of drawdown) of a well is 
an approximate measure of the permeability of 
the water-yielding zones and commonly ranges 
within 3 to 4 orders of magnitude. Therefore, 
multiplying the specific capacity of a rock well 
by its penetration factor affords a means of com- 
paring the productivity of wells which weighs the 
results in favor of the specific capacity value but 
utilizes the factor of depth of penetration of the 
well. 

The upper graph on figure 9 clearly shows the 
greater productivity of the valley and draw wells 
compared to the lower graph for the hilltop and 
upland wells. 
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fers. However, it is difficult to separate the effect 
of rock type from other factors such as topo- 
graphic position, which is itself partially deter- 
mined by rock type, and from metamorphic rank 
which is, to a large extent, dependent on prox- 
imity to the gneiss domes (fig. 7). 

Basic Data Report No. 1 (Laughlin, 1966) con-’ 
tains well data for more than 4.000. crystalline- 
rock wells in Baltimore County, the greatest con- 
centration of well data anywhere in the Maryland 
Piedmont. Statistical data representing the large 
number of wells inventoried in Baltimore County, 
assembled from Basic Data Report No. 1, are 
presented in several tables and figures in this re- 
port. The data included in the basic-data report 
were obtained primarily from drilling permits 
and completion reports filed with the Maryland 
Geological Survey and the Maryland Department 
of Water Resources. The reported locations of 
all the wells inventoried were verified in the 
field, and other reported information was veri- 
fied for many of the wells. 

The data used contain a few limitations: vary- 
ing length of pumping tests, the fact that some 
holes are “dry” was not reported by the drillers, 
and the fact that some domestic wells are not 
pumped at the maximum rate because usually only 
moderate quantities of water are needed. Hdw- 
ever, it is believed that these limitations are 
minimized because the sample is large and because 

most of the data are sufficiently reliable to be 
useful. 

Yield and specific-capacity data for crystalline- 
rock wells exhibit a marked negatively-skewed 
frequency distribution. The median should be 
more representative than the mean for both the 
yield and the specific capacity because the median 
is usually more appropriate for skewed distribu- 
tions (Moroney, 1960, p. 42). 

A sample consisting of the yield and specific- 
capacity data for about 1,300 wells was selected, 
and the mean, median, and standard deviation’ 
were computed for wells penetrating each crys- 
talline-rock formation or rock unit in Baltimore 
County. These data are summarized in table 5. 

Comparison of Difletent Rock Types: The data 
given in table 5 show that the metagraywacke 
and the upper pelitic schist have nearly identical 
average yields, specific capacities, and standard 
deviations, and for all practical purposes could 
be considered the same hydrologic unit. The 

1 Standard deviation is the most important and commonlv 
used method for measuring the dispersion of a sample. It 

is computed by the following formula: 

s= 
II 

Z( X-F)2 

N 
where Z = summation 

x = value of of an item (yield or specific 
capacity) 

?r =r arithmetic mean 
N= number of items 

Hydrologic 
unit 

Formation 
or 

rock unit 
Standard 

IUe?n Medgn 

(gpm) (gpm) deviation 
Nc;,;f specific Difference spe@c 

capacity from mean capacity zips’ 

11.9 10 10.2 159 0.94 +0.30 0.30 135 

I 
Wissahickon Fm. 

(metagraywacke 
facies) 

11.1 10 8.5 81 .75 + .ll .31 120 

Wissahickon Fm. 
(upper pelitic 
schist facies) 

Baltimore 
Gneiss and 
Setters Fm. 

11.0 10 8.1 242 39 + .25 .33 342 

8.6 8 6.9 174 .28 - .36 .17 119 

II Gabbro and 
serpentine 7.8 6 6.4 278 .49 - .15 .17 435 

Wissahickon Fm. 
(lower pelitic 
schist facies) 

7.8 5 5.0 208 .42 - 22 .OS 167 

I and II All formations 9.4 -- -- 1142 0.64 -- -- 1318 
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lower pelitic schist of the Wissahickon Formation. 
The position of the Cockeysville Marble curve 
with respect to the lower pelitic schist curve in- 
dicates that the marble has superior water-yield- 
ing propeflies. For example, 50 percent of the 
wells drilled in marble have a specific capacity 
of 0.3 gpm per foot or more, whereas 50 percent 
of the wells drilled in the lower pelitic schist 
have a specific capacity of only .08 gpm per foot 
or more. The slope of the two curves is approxi- 
mately the same, although the Cockeysville curve 
consists of three fairly distinct segments. The 
reason for the changes in slope of the marble 
curve, a phenomenon not observed for the other 
formations, is not fully understood, but for some 
reason there exists less variability within the in- 
termediate range of specific capacities for the 
marble wells. 

Figure 11 shows the comparative water-yield- 
ing properties of the Cockeysville Marble and 
those of the combined upper pehtic schist and 
metagraywacke. The position of the two curves 
is similar and the chief difference between the 
two curves is the greater variability of the marble 
wells. 

Figure 12 shows the comparative water-yield- 
ing properties of all the crystalline-rock aquifers 
of Baltimore Gounty. The Baltimore Gneiss ex- 
hibits substantially less variability than the other 
aquifers and the chance of obtaining wells whose 
specific capacities are in the higher range is less 
likely in the Baltimore Gneiss than in the other 
aquifers. To summarize: on the basis of the data 
in table 5 and figure 12, the crystalline-rock aqui- 
fers can generally be placed into two groups: 1) 
the Cockeysville Marble, upper pelitic schist, and 
metagraywacke ; and 2) the Baltimore Gneiss. 
Setters Formation, gabbro. serpentine, and lower 
pelitic schist. The former group (I) is generally 
superior to the latter (2) in regard to water- 
yielding properties. 

Contact Zones: Contact zones between rocks 
of different lithology or between two different 
geologic units might he expected to provide favor- 
able sites for obtaining better than average yields. 
However, contact zones are not everywhere favor- 
able sites for this purpose. An analysis of the 
yields and specific capacities of -50 wells in the 
Maryland Piedmont at or near contact zones 
shows a range in yield from 0 to 600 gpm and a 
range in specific capacities from less than 0.1 to 
11.3 gpm per foot of drawdown. 

Three of the most productive wells, Car-Ce 2, 
-Ce 3, and -Ce 4, are in the town of Westminster 
(Carroll County) and their yields are so anom- 
alously large as to warrant detailed discussion. 
When pumped separately, these wells yielded 600, 
600, and 509 gpm, respectively, at the end of 6 
hours of pumping. Wells Car-Ce 2 and -Ce 3 are 
75 feet from each other and show pronounced in- 
terference characteristics. 

Well -Ce 4 is about 2,000 feet from the other 
two wells and its pumping does not effect them 
markedly. All three wells penetrate the Wakefield 
Marble at its contact with the Sams Creek Meta- 
basalt. They are situated along a small valley 
underlain chiefly by the Wakefield Marble. Meyer 
(1958, p. 116-117) discusses these wells and de- 
scribes an aquifer test conducted on them. The 
following driller’s log of well Car-Cc 3 shows the 
general nature of the rocks penetrated: 

lbmerhl 

Clay and boulders 
Limestone, solid 
Openings 
Limestone, solid 
Gravel, coarse (water) 

Thickness 
(feet) z$ 

37 37 
17 54 
4 58 

58 116 
at 116 



Table 6. bbomtoy analyses of core samples of saprolih from sites in Googia ond Maryland (anal- by the 
Hydrologic labomtory, U.S. Geological Suwey, Denvw, Cola.). 

UndzP’g 
type 

Quartz-l 
mica 
schist 

Wissahickon ? 

- Formation 
(lo;;;tylitic 

Depth below Specific Coefficient 
Site Inn~fs~~ace retention Porosity 

Specific 
of permeability 

description (percent) (percent) (&E!fb) (gpd per sq ft) 

Disposal pit 5.0-5.2 10.1 50.5 40.4 0.009 
no. 1 5.0-5.2 16.4 52.9 36.5 .02 

5.0-5.2 298 Et: 11.9 .oos 
5.0-5.2 21.2 2 
5.0-5.2 2013 47:o 26.7 .2 
5.0-5.2 26.3 52.0 25.7 
4.547 13.1 47.9 34.8 28 
4.5-4.7 15.2 45.3 30.1 3 
4.5-4.7 11.4 49.5 38.1 9 
4.5-4.7 13.3 45.1 31.8 2 
4.5-4.7 26.0 43.5 17.5 .3 
4.5-4.7 20.9 51.5 30.6 3 

Disposal 5.0-5.2 13.6 41.6 28.0 0.5 
pit no. 2 .5.0-5.2 18.1 43.5 25.4 .4 

5.0-5.2 15.4 49.3 33.9 4 
5.0-5.2 12.9 42.2 29.3 4 
5.0-5.2 10.3 43.5 33.2 2 

- es :*: -- 48.8 me 14 
-- 

-- 12:o 16.5 

-- 
46.2 

-- 

-- -- 45.7 51.9 -- -- 
:I 
24 

Woodstock Z -- 2.5 -- 50.4 -- .2 
Quartz -- 

i-i 
-- 56.6 -- 

Monzonite -- 
-- 12:8 

-- 52.9 -- 3: 
-- 51.8 -- 115 

Pg;eiy;posit Z -- -- 10.0 14.0 -- -- % -- -- 9 

-- 19.0 -- 40:7 -- :i 
-- 19.0 -- 35.1 -- 7 

Baltimore 2 -- 3.0 -- 45.0 -- Gabbro Complex 10.0 -- 41.7 -- iI -- 
-- 11.0 -- 43.0 -- 12 
-- 10.5 -- 42.2 -- 7.6 

-- 1.0 -- 6.0 -- 60.3 

Coct;;s;ille :’ -- -- i-i 
2:o 

-- -- -- -- -- -- 790 670 
-- -- -- -- 530 

470 
-- 33:: 

-- -- -- 
-- -- -- 730 

Average -- -- 18.2 46.8 29.1 I 
No. of samples -- -- 17 34 17 we 

1 Samples from Georgia Nuclear Laboratory near ~wsonvillc, Ca (from Stewart and others, 1964). 
2 From Table 10, Maryland Dept. of Geology, Mines and Water Resources Bull. 17 (Dingman and Ferguson, 1966). 
3 From unpublished records, U.S. Geological Survey, Towson, Md. Samples collected from west wall of abandoned materials 

pit near Texas, Md. 
4 Average not computed, as this value is of little significance. 
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ment’ary origin. Unfortunately, the distribution 
of the zones of permeable sand overlying the fresh 
marble appears to be erratic and unpredictable 

The term trwzsmissibility (T). used to ex- 
press the permeability of an entire aquifer, is 
the coefficient of permeability times the thickness 
of saturated aquifer. The coefficient of trcvumissi- 
bility is defined as the rate of flow, of water, in 
gallons per day at the prevailing water tempera- 
ture, under unit hydraulic gradient, across a sec- 
tion of the aquifer 1 foot wide that extends the 
full saturated thickness of the aquifer. 

Aquifer T&s 

Aquifer tests provide a method by which the 
properties of an aquifer to transmit and store 
water are measured. This may be accomplished by 
pumping water from a well at a constant rate and 
measuring the drawdown at accurately measured 
times after pumping began. These data are used 
to prepare a time-drawdown graph from which 
the coefficients of transmissibility (T) and storage 
(S) are determined. 

When water is pumped from a well the balance 
between natural recharge and natural discharge 
is disturbed and a new state of equilibrium is 
reached by the propagation of a cone of depress- 
ion. This occurs where the natural recharge is 
increased or the natural discharge is decreased by 
an amount equal to the withdrawal from the well 
(Ferris, 1959, p. 152). The manner and rate at 
which this cone forms and ita ultimate shape 
can be used to determine the hydraulic character- 
istics of an aquifer (Lang, 1967 p. 35). 

The methods most commonly used for comput- 
ing T and S vaiues are the nonequilibrium formula 
developed by Theis (1935) and the modified non- 
equilibrium formula developed by Cooper and 
Jacob (1946). 

The nonequilibrium formula is used for compu- 
tation of T and S by plotting the rate of drawdown 
as a function of time or the drawdown as a func- 
tion of distance at one time. The derivation of 
the formula was based on the analogy between 
ground-water flow and heat flow. 

The Theis equation is solved graphically by 
superimposing a plot of the field measurements 
of drawdown versus time upon a type curve, both 
the type curve and the field data being on log-log 
paper. A matchpoint is obtained and substitution 
is made into the Theis equation to obtain T and S. 

The nonequilibrium formula is based on the 
following principal assumptions: 

1) the aquifer is homogeneous and isotropic; 
2) the aqui.fer has infinite area1 extent; 
3) the discharge well penetrates and re- 

ceives water from the entire thickness of 
the aquifer; and 

1) water removed from storage is discharged 
instantaneously with declining head. 

These assumptions, particularly 1) and 3), are 
not attained in crq-stalline-rock areas, but where 
they are approached the formuia is appiicable to 
problems of ground-water flow. 

The modified nonequilibrium formula (Cooper 
and Jacob, 1946) is a simplified form of the Theis 
equation. The field data are plotted in semilog- 
arithmetic paper with the drawdown on the arith- 
metic scale and time on the logarithmetic scale. 
The data will plot as a straight iine if ideal con- 
ditions are approached. The transmissibility is 
computed by the following formula: 

Tz2644 
AS 

where Q is the discharge in gpm and 1s is the 
drawdown in feet per log cycle. 

The conditions that exist in many crystalline- 
rock aquifers depart substantially from the ideal 
conditiona listed above. The saprolite, which can 
be considered the aquifer in most crystalline-rock 
areas, is neither homogeneous nor uniform, al- 
though in many cases these conditions may be 
approached. Therefore, the results from many 
aquifer tests in crystalline-rock aquifers are use- 
ful only as an approximation of the T and S values 
in the vicinity of the wells tested. 

The nonequilibrium and modified nonequili- 
brium formulae describe fairly accurately the 
hydraulic characteristics of an extensive artesian 
system, although they have been widely used 
where water-table conditions prevail. Several 
workers have pointed out that the nonequilibrium 
formula is not valid for the early phases of aqui- 
fer tests under water-table conditions--those most 
commonly existing in crystalline-rock aquifers. 
This is because the condition of instantaneous re- 
lease of water from storage simultaneously with 
a decline in head is not satisfied, especially where 
the saprolite aquifer has low permeability. Dur- 
ing the early phase of an aquifer test the water 
level declines rapidly and as pumping continues 
the rate of water-level decline decreases because 
of slow drainage of water from the poorly perme- 
able aaprolite material. Therefore, a short teat 
gives a computed T value that is too high and an 
S value that is too low (Stewart and others, 1964). 
This limitation makes it difficult to separate the 
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Table 8. Aquifer torts near Caytonsvih. 

Well 
wmber 

(pumped well) 

Thickness Transmissi- Transmissi- Distance 
Average Total Specific YP of 

discharge clrawclown capacity 
bility- bility- 

teat saprolitc observation 
from,~L~~lwll Storage 

coeffi- 
(mm) (feet) (24 hr. &I) 

Aquifq 
(hUurs) (feet ) 

pumped well 
(gpcl/ft) well (gptl/ft) (fetrt) cictnt 3 

Mont-Cf 19 53 

Do. 150 

Mont-Cf 20 t3 5’ 

Mou t-Cf 21 32 

iti Mont-Cf 22 34 

Mont-Cf 23 38 

Mont-Cf 24 41 

Mont-Cf 18 8.5 

15.0 5.6 

54.2 2.8 

25.0 2.2 

32.4 1.0 

41.3 .8 

36.7 1.0 91 60 

16.3 2.5 71 65 do. 

10.2 .8 24 60 Uppw 
pelltic 
schist 

113 83 Upper 
pelitic 
schist 

22 83 do. 

106 80 CIO. 

122 -- do. 

5.5 1) ‘8 do. 

Boulder 
gneiss 

2,700 ( ?) 3,600 

2,300 ( ?) 

4,400. 

2.800 

1 

1,500’ 

1,700 

-- 

2,100 

6,500 
( See fig. 16) 

3,500 

-- 

2,800 

-- 

-- 

62 

65 

-18 

-- 

J2 

-- 

-- 

0.12 

.OO3 

-- 

-- 

- 

1 T uncertain from pumped well data (clue to induced infiltration from Hawlings River after 400 minutes). 

2 T before induced infiltration from Hawlings Rivrr became cffectivc. 

0.3Tt 
J The storage coefficient may be computed from the: formulu S := - 

observation well and pumped well, in feet. 
).” I where T :. transmissibility, in gptl/ft; t -= time, in days; and I [listance between 
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DEPTH Of DRILLING 

What is the optimum depth to which wells 
should be drilled in the crystalline rocks? In gen- 
eral, joints and fractures in the crystalline rocks 
tend to become thinner, less weathered, and to de- 
crease in frequency with increasing depth. Never- 
theless, mining and tunneling operations have 
demonstrated that water-yielding openings occur 
in some places at depths of several thousand feet. 
Various workers (Davis and Turk, 1964, p. 8; 
LeGrand, 1967, p. 5) have indicated that the yield 
of crystalline-rock wells decreases substantially 
below a depth range of 300 to 500 feet. 

Within the area of this report 30 wells are 
known to have been drilled to depths of 500 feet 
or more. The yields of these wells range from 0 
to 80 gpm, but the records of some of them indi- 
cate that most of the water was obtained from the 
upper part of the hole. The deepest well, Bal-Dd 
11, penetrated 1,800 feet into the Cockeysville 

I 
T 
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Marble at Lutherville, a few miles north of Bal- 
timore. Unfortunately, no record is available of 
the yield and specific capacity of this well. 

Data pertinent to the crystalline rocks of the 
Maryland Piedmont were obtained by an analysis 
of the depths, yields, and specific capacities of 300 
wells grouped according to the depth of drilling. 
The data were grouped into three depth classes 
of 100 wells each; these are, 100-199 feet, 200- 
299 feet, and 300-399 feet. The wells in each class 
were ranked according to their yields and the data 
plotted in figure 17 according to the Kimball 
method. However, a degree of bias exists in the 
ranking of well yields by depth categories. This 
bias results from the fact that most of the water 
yielded by crystalline-rock wells occurs in the 
uppermost 100 feet of material penetrated. Thus, 
in many instances, wells are drilled to greater 
depths only because the yield is inadequate at 



Electric logging 
Electric logging methods have been employed 

successfully for many years in evaluating wells in 
unconsolidated sediments and sedimentary rocks. 
Electric logging was developed as a result of its 
usefulness to the petroleum industry and in re- 
cent years has been used more rstensiveiy in 
evaluating water wells. However, little applica- 

tion of these methods has been made in crystal- 
line-rock wells. The lack of extensive application 
is due to the fact that in crystalline-rock wells 
electric logs are not useful for correlation or trac- 
ing of a particular strata from one site to an- 
other. Correlation is one of the chief applications 
of electric logs in layered strata. 

Electric logging methods have been found to be 
useful in determining the location of water-bear- 
ing fractures, changes in mineralogy, the location 
of slightly weathered zones and the thickness of 
saprolite in crystalline-utck u-ells. 

h electric log consists of ;I spontaneous- 
potential curve and one or more resistivity curves, 
each recorded as a function of depth. Each of these 
curves is discussed below. 

S~~ontaneolLs-Potrntial: The spontaneous-poten- 
tial or self-potential (S-P) curve is a record of 
naturally occurring potential differences between 
a surface (ground) electrode and an elec+xorle 
being raised or lowered in the fluid occup:i-ing the 
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within a dense section of crystalline rock does not 
appear to be the same as occurs in conductive 
zones in dense limestone. Figure 19 shows sche- 
matically the response of the S-P curve to conduc- 
tive and shaly zones in dense limestone. The re- 
sponse of the S-P curve to conductive zones in 
most crystalline-rock wells is in the opposite direc- 
tion to that shown in figure 19. Figure 20 shows 
that the S-P curve responds to a conductive zone 
in the same manner it responds to the shale bed 
in the limestone section in figure 19. The most 
logical explanation for this seems to be that the 
clay minerals formed by weathering adjacent to 
the fractures have the same effect as a shale or 
clay on the S-P. 

R4sti?*ity: The resistivity of a material is that 
property which characterizes its opposition to the 

flow of an electric current and is equal to the recip- 
rocal of the conductivity. It is the electrical re- 
sistance of a cube of material, each edge of which 
is one meter in length. The units are therefore 
ohm-meters. The resistivity is recorded as a func- 
tion of depth, and the resulting recnrd is the re- 
sistivitv log. 

There are several types of resistivity logs in 
existence. but the point-resistance, the short nor- 
mal, and the long normal are the most common. 
These three types of resistivity logs differ primar- 
ily in the depth they measure into the formation. 
The zone of investigation of the point-resistance 
device extends only slightly beyond the borehole, 
the short normal includes a larger proportion of 
the surrounding material, and the long normal 
includes an even greater proportion. T!:P greater 
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and the special electric logging sonde for lime- 
stones, which would be more likely to detect these 
small fractures, have not been available for log- 
ging shallow water wells in the Maryland Pied- 
mont. However, often a slightly weathered zone 
adjacent to many water-bearing fractures con- 
tains enough water, due to greater porosity within 
the weathered zone, to be considerably more con- 
ductive than the surounding fresh rock, ‘thus caus- 
ing a lower resistivity reading on the resistivity 
log. These conditions are shown in figure 20. 

Occasionally zones of lower resistivity are ob- 
served on resistivity logs which do not correspond 

to a measurable increase in well yield. A probable 
explanation for this is that the fracture.and asso- 
ciated slightly weathered zone possess relatively 
higher porosity,. but the permeability is sufficient 
only to transmit insignificant quantities of water. 
Another condition which might cause a lower 
reaistivity reading is the existence of a zone con- 
taining substantial quantities of pyrite or some 
other metallic sulfide mineral. 

The resistivity curve also varies with the type 
of rock penetrated by the well. Schistose material 
generally has lower resistivity than gneiss or 
other rock containing a large proportion of quartz- 
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ose material (fig. 21). The resistivity contrast be- 
tween different types of rock is especially evident 
when a quartz vein is penetrated. The substan- 
tially higher resistivity of quartz can be observed 
on the log of well Bal-De 587, shown in figure 25, 
in the section on gamma-ray logging. 

Temperuture logging 
Methods and Uses: Temperature logs (profiles) 

were run on about 40 crystalline-rock wells during 
the course of this investigation. The logs were run 
only in the water-filled part of the hole and could 
be made only to a maximum depth of 250 feet as 
this was the limiting length of the thermal probe 
used. Temperature measurements were made by 
means of a null-balance, portable, batterysper- 
ated temperature device, using a thermistor probe. 
This device was designed for shallow oceano- 
graphic work by Robert Crosby of the Chesapeake 
Bay Institute of The Johns Hopkins University. 
The device measures temperature differences to a 
precision of about 0.02%. 

The purpose of temperature logging was to de- 
termine to what extent temperature profiles in an 
open borehole might delineate zones of ground- 
water entrance or mov,ement in a well, and to 
correlate thermal logs of wells with electric and 
lithologic logs for the same purpose. 

Although it is beyond the scope of this report to 
describe the physics of heat transfer, the thermal 
properties of water and rocks are such that cir- 
culating ground water transfers or accepts heat 
energy somewhat slowly to or from the surround- 
ing rocks. Hence, ground water moving through 
crevices in the crystalline rocks may have a resid- 
ual temperature slightly different from the sur- 
rounding rocks. 

The specific heat of water is about five times 
that of granite or limestone and the thermal con- 
ductivity of water is about 23 percent that of 
granite and about 35 percent that of limestone 
(Skibitzke, 1961, p. A-7). Thus, the temperature 
of circulating ground water in crystalline rocks 
may differ from the rock temperature by as much 
as an order of magnitude. However, in a borehole 
where the ground water is not in circulation 
through the rocks, or is moving at extremely slow 
rates, it will adjust to the temperature of the sur- 
rounding rocks. 

Using the above concept, it is possible to de- 
termine empirically “dead” zones, or zones of no 
apparent ground-water movement in rock wells. 
When a well is pumped; fresh water enters the 
hole and a zone of thermal displacement is created. 
Figure 22 illustrates this phenomenon resulting 
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from pumping a well in the Wissahickon Forma- 
tion. The major zone of water entrance in well 
Bal-De 54 is believed to occur at a depth of 40 to 
60 feet. The temperature profile also shows the 
existence of the dead zone in the interval from 
<55 to 196 feet. Within this zone the temperature 
of the water has adjusted to the rock temperature. 
Temperature measurements in the dead zone are 
useful in determining the geothermal gradient at 
the site. 

Seasonal effects of temperature change may be 
detected at various depths in the water-saturated 
part of boreholes, but commonly do not extend 
much below a depth of 50 feet. Figure 23 shows 
temperature profiles run during the fall and the 
spring. The fall profile (November 9. 1956) shows 
.the existence of warm summer precipitation stored 
in the ground-water reservoir between a depth 
of 22 to 40 feet. However, by April the warm sum- 
mer precipitation had been replaced by the cooler 
precipitation of early spring (profile of April 10, 
1957). 

Figure 24 shows the temperature log of an un- 
successful well (Bal-Dc 435) west of Cockeysville 
in the north-central part of Baltimore County. 
This well yielded only r/r gpm from the base of 
the saprolite at a depth of about 50 feet. The 
temperature profile of -DC 435 shows the char- 
acteristic profile of the dead zone in rock wells. 
As the log was made several days after the well 
was drilled, the water temperature in the hole 
is believed to have adjusted to the temperature of 
the surrounding rocks. 

Geothermal g-ruditnts: A sufficient number of 
Piedmont wells were temperature profiled to pro- 
vide data on mean temperatures at various depths, 
although the data are somewhat biased because 
a large number of the temperature logs were 
made during the fall months of September, Oc- 
tober, and November. Thus, temperatures in the 
upper parts of the holes tend to be slightly higher 
than if the logs had been made during the spring, 
due to the residuum of summer heat stored in the 
ground. The mean ground temperatures at three 
depth horizons are: 

NuomPcr 
Depth horizon 

(feet below 
wells land surface) 

Mea~Ctempey$ur 

31 50 12.3 54.1 
35 100 11.8 53.2 
11 200 12.4 54.3 

Examination of the yield data, well logs, and 
temperature logs indicates that the temperature 



profiles (or segments thereof) of 20 wells might Gommo-Ray lming 

provide information on the geothermal gradients Another useful geophysical logging device for 
in the Piedmont rocks. These data show that below determining lithologic changes in the material 
a depth of 50 feet the mean geothermal gradient penetrated by a well is the gamma-ray log. Gam- 
is about 0.3”C per 100 feet of depth increment. 
This value is in approximate agreement with gra- 

ma-ray logs have been available for the past 20 

dients of 0.46 to 0.49OC per 100 feet reported by 
years but have been used extensively in ground- 

Diment and Werre (1964, p. 2143) from three 
water studies only in the past few years. They 
are especially useful because wells can be logged 

deep boreholes in quartz-mica s&i& n&r Wmh- through casing, above the water table, and in al- 
ington, D. C. most any type of fluid occupying the borehole. 



AREAL VARIABILITY OF WELL YIELDS AND SPECIFIC CAPACITIES 

Standard Deviation Map 

When yields and specific capacities of crystal- 
line-rock wells are studied, one cf the first prop 
erties to become apparent is their extreme area1 
variability. In fact, well-yield and specific-capacity 
data show the existence of substantial variability 
within small areas such as housing-development 
tracts, as well as within larger areas. 

In an attempt to understand better the area1 
variability of well yields and specific capacities, 
statistical data were assembled from the Balti- 
more County well-inventory report (Laughlin, 
1966). A sample of the yield data was selected, 
and the mean and standard deviation were com- 
puted for each formation. These data are in table 
5 in a previous section of this report. 

Using the statistical data which form the basis 
for table 5, a map of part of Baltimore County 

was prepared on which each well was plotted 
whose yield is more than one standard deviation 
above or below the mean (plate 1). The wells 
whose yields are more than one standard devia- 
tion above the mean are designated by blue dots, 
which represent wells who-se yields are 17 gpm 
or more. Those wells whose yields are more than 
one standard deviation below the mean are des- 
ignated by red dots, which represent wells whose 
yields are 2 gpm or less. Although the standard 
deviation was computed for each formation, the 
standard deviations for all the crystalline-rock 
aquifers were lumped together in preparing the 
map. It should be emphasized that plate 1 contains 
only about one-third of the wells inventoried, and 
that only those wells whose yields are greater 
than one standard deviation above or below the 
mean were plotted on the map. 
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foot, a total of $7,800 was spent at this site in 
searching for an adequate ground-water supply. 

A second example of this problem occurred on 
a 2- to 3-acre tract of land near Glenarm at a 
site where the Wissahickon Formation is in con- 
tact with the Cockeysviile Marble. In this instance, 
seven wells were drilled on the property, repre- 
senting a total of 1,313 feet of drilling.. Five of 
the wells were in the Wissahickon, four of which 
yielded no water; and the fifth well yielded less 

than 1;~ gpm. Two of the wells were drilled in the 
marble ; one of these, 200 feet deep, was aband- 
oned because a zone of flowing mud was pene- 
trated near the bottom of the hole. A successful 
well was finally obtained at a depth of 40 feet 
in the Cockeysville Marble ; this well yielded 10 
gpm, a more than adequate domestic suppty. It is 
estimated that more than $5,200 was spent in 
searching for ground water at this site. 

USES OF GROUND WATER 

Ground water is used in the Maryland Piedmont 
as a source of supply for farm, domestic, com- 
mercial, institutional, industrial, and public sup- 
plies. Water is obtained chiefly from drilled .wells. 
and in a relatively few instances from springs. 

Where the water requirements of the user 
amount to only a few hundred thousand gallons 
per day or less, ground-water sources have gen- 
erally proven adequate, although some users have 
reported temporary failures of their supply dur- 
ing prolonged drought periods of 60 to 90 days 
or more. However, attempts to develop supplies 
in excess of a few hundred thousand gallons per 
day does not appear warranted in most instances. 

At present (1968) the towns of Hampstead 
(Carrroll County), Walkersville (Frederick 
County), Mount Airy (Carroll County), and 
Damascus (Montgomery County) depend on wells 
as a source of water supply. Inadequacy of the 
well supply was reported at the town of Damascus 
during the drought period of 196667. 

The largest single user of ground water in the 
Piedmont was the town of Rockville located about 
9 miles northwest of Washington, D. C. Dingman 
and Meyer (1954, p. 44) report that the first 
municipal well for the town was drilled in 1895 

and that during the period of 1895-1954 more than 
42 public-supply wells were drilled, of which about 
30 were in u.se by 1957. Nearly all of the.se were 
in the Wissahickon Formation at depths rang- 
ing from 33 to 425 feet. The yields of these wells 
ranged from a few gallons a minute to a maximum 
of 183 gpm. It is reported that the total use of 
ground water by the town in 1930 was 100.000 
gpd and by 1952 this use had increased to about 
750,000 gpd. The demand for water continued to 
increase during the period from 1952 to 1958 and 
the yields of some of the more productive wells 
declined during seasonal droughts in the mid- 
1950’s. In 1958 the City of Rockville began using 
surface water from the Potomac River and the 
ground-water supply was abandoned. 

The history of the Rockville ground-water sup- 
ply emphasizes the problem created by the limited 
storage capacity of the crystalline rocks. During 
seasonal droughts the yields of even the best wells 
decreased after sustained periods of pumping. 
The yields of the wells recovered during periods 
of substantial recharge to the ground-water res- 
ervoir, but, unfortunately, the interval of de- 
creased well output corresponded with the period 
of greatest demand. Thus, the town had to seek 
a more dependable supply. 

SUMMARY OF AVAllAMJlY OF GROUND WATER IN CRYSTAllINE ROCK TRRRANES 

In summary, several factors govern the occur- 
rence and availability of ground water in crystal- 
line rocks: the degree to which the rocks are 
jointed, fractured, and faulted; the topographic 
position of the well; the porosity, permeability, 
and thickness of the saprolite; the amount of pre- 
cipitation and evapotranspiration in the area ; 
regional structure and metamorphism ; and the 
lithologic, mineralogic, and textural character- 
istics of the aquifer. 

The degree to which rocks are jointed, frac- 
tured, and faulted is one of the most important 
factors governing ground-water availability and 
one of the most difficult to predict. It is virtually 
impossible to predict where a given well will in- 
tersect a joint or other fracture, although in some 
cases a major joint can be projected from another 
site if its orientation is known. 

The topographic position of a well site is an 
important factor governing ground-water avail- 
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Table 9. Lithologic Description of Selected Wells. 

-Continued 

Well No. : Bal-De 587 
Owner : Colonial Development Corporation 

enhurst) 
Elevation: 455 ft 
Geologic unit: Wissahickon Fm. 
Driller: Water, Inc. 
Sample examination by: E. G. Otton 

Depth (ft) Description 

(Rav- 

o- 9 

9- 15 

IFi- 20 

26 25 

25- 40 

4U- 45 

45- 50 

5O- 55 

55- 71 

71- ii 

x- 23 

7% 81 

’ I- 95 

95-100 

100-105 

105-135 

135-140 

140-145 

145-150 

150-160 

160-165 

165-170 

170-175 

x5-190 

190-210 

‘10-215 

215-220 

Subsoil reddish buff, highly micaceous, clayey. 

silty, and gritty 

Subsoil, clayey, buff-gray, highly micnceous: 
gritty with some quartz and limonite 

As above but mica flakes coarser; some biotite 
and few pieces yellow quartz; color changes to 
gray: material grades into true saprolite 

Micaceous silty, quartzose weathered rock; bio- 
tite common; some yellow quartz 

As above, with a few pieces weathered garnet 

Rounded granules of biotite, quartz, and garnet; 
some clay lumps (garnets large and common). 
Base of oxidized zone at about 40 feet 

Mica schist and biotite; quite a bit of mica 
clay: some clear quartz and garnet 

Mica schist, clean, with abundant biotite; some 

garnet: pinkish 

Mica schist, clean, with abundant biotite: som? 
garnet: pinkish (common 60-71 ft) 

Mica schist; garnet and yellow quartz common 
(slightly oxidized) ; some kyanite 
Change to coarse gray fragments qunrtzose 

schist: white quartz grains common 

Mica schist, finer pieces: color similar to 71- 
77 ft (oxidized) ; garnets common 

Mica schist, fresh, light gray color; garnets, 
common, pinkish (biotite common 85-95 ft) 

As above, but a few oxidized grains; pink glassy 
grains common (garnet ?) 

Quartz, finely pulverized, clear and glassy, wit11 

a few pieces biotite 

Mica schist, coarse fragments, gray; whole 
grains of red to pink garnet common (schist 
fragments finer below 110 ft) 

As above, but fragments coarser 

No sample 

Similar to 135-140; some coarse fragments (up 
to 0.5 inch diameter) 

Similar to 135-140; some coarse fragments (up 
to 0.5 inch diameter), but finer pieces 

As above, but more garnets 

As above, but more micaceous; dark gray 
As above, with more biotite and dark minerals 

As above with Increase in garnet and dark 
minerals; biotite common SO-190 ft 

As above, with slight increase in quartz 

Mica schist, light gray; decrease in biotite from 
205-210 ft; increase in pink garnet 

As above, with pink garnets common 

Depth (ft) Description 

“W-230 As above, with one piece pyrite 
230-235 Mica schist as coarse gray fragments: some 

garnets (sample contains very little fine ma- 
terial) 

235-240 Mica schist, finer grains than above, with sev- 
eral large pieces quartz 

240-247 As above, with one grain pyrite: clear and milky 
quartz common (quartz grains abundant 245- 
“47 ft) 

Well No.: Car-Ee 27 
Owner: Maryland Dept. of Forests and Parks 

( Patpsco State Park) 
Elevation: 545 ft 
Geologic unit : Wissahickon Fm (boulder gneiss) 
Driller: Water, Inc. 
Sample examination by: E. G. Otton 

Depth (ft) 

IL 6 

6 18 

18- 30 

3I)- 36 

36 40 

40- 42 

42- 48 

48- 78 

7% 84 

84- 90 

go-102 

102-108 

108-114 

114-138 

m-139 
139-162 

Description 

Subsoil, clayey reddish tan; micaceous: some 
quartz 

Similar to above 

As above, but changes in color to buff-grayish; 
some biotite and chlorite; color more grayish 
at 24 ft 

As above, mica flakes somewhat coarser 

As above, a few pieces feldspar (all cuttings 
fine-grained down to 40 ft) 

No sample 

Change to coarser fragments of quartz, mica 
and chlorite: speckled gray color, some yellow 
quartz: a few pieces orange mineral (base of 
weathered zone at 1:! ft) 

As above. gray in color; sample mostly clear 
quartz; chlorite, biotite and mica; cuttings finer 
below 60 ft 

.4s above, but darker gray than above: more 
chlorite and dark minerals 
As above, but appears to contain small amount 
clay or oxidized material; abundant chlorite 
and biotite 

As above, with fewer clayey pieces; biotite 
slightly coarser; cuttings very fine at 96 ft 

Sample changes to dark gray color: quartz, 
mica, and chlorite: some grains coated with clay 
and some aggregates of minerals cemented by 
limonite (zone may be a weathered fracture) 

Similar to above, but slightly more quartz and 
less clayey material 

Similar to above; dark gray color; material 
finely pulverized; increase in quartz at 126- 
132 ft 

No sample 
Similar to 132-138 ft depth; cuttings coarse1 

at 156 ft with increase in quartz 
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CEO= OF THE CRYSTALLINE ROCKS OF 

CECIL COUNTY, MAR- 

Michael W. Higgins 

U.S. Geological Survey 

INTRODUCTION 

In the eastern Maryland Piedmont, southeast of the extensive 

terrane of pelitic and psemmitic rocks that have traditionally been 

assigned to the Wissahickon Formation (Wissahickon terrane of Drake 

and Morgan, 1981). is a terrane of layered gneisses, massive but 

fine-grained granofels with blocky phenocrysts of plagioclase, and 

layered, massive, and pilloved emphibolites collectively called the 

James Run Formation. Interspersed withand locally grading into the 

James Run rocks are coarser groined granitic plutons. The plutons and 

the James Run rocks are believed to represent the roots, products, and 

debris of ancient volcanoes. There also is a large outcrop belt of 

ultramafic and mafic rocks belonging to the Baltimore Complex (Balti- 

more gabbro of early workers). The relations between the metasedi- 

mentary rocks, the James Run Formation and its usociated plutons, and 

the Baltimore Complex are important to our understanding of the 

history of the central Appalachlana. The James Run metavolcanogenic 

rocks and associated plutons are perhaps best exposed in Cecil County, 

the northeasternmost county in Maryland (fig. 1; pl. l), where a small 

part of the sequence has long been called 'the volcanic complex of 

Cecil County." There too are thick and diverse sections of the 

metasedimentary rocks, and the most intact section known of the 

Baltimore Complex. . 

This paper gives descriptions of the rocks axposed in Cecil 

County, interpretations of the origins of these rocks, and intarpreta- 

ions of the geologic, structural, and tectonic history of the area. 

roved by the Director of the U.S. Geological Survey May, 1983. 
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event, eroded, and resubmerged, and a sequence of rocks known as the 

Glenarm Group was deposited upon the old erosion surface. The gneiss 

was then remetamorphosed and deformed during the Paleozoic, along with 

its cover rocks. 

In the Naryland Piedmont, the Baltimore Gneiss is unconformably 

overlain by potassium-rich quartzite and quartz-rich schist (Hopson, 

1964), that -locally contains pelitic rocks and metaconglomerate 

(Fisher, 1971), named the Settere Formation. The Setters is conform- 

ably overlain by the Cockeysville Harble (Choquette, 1960; Hopsqn, 

1964; Crowley, 1976). a unit consisting of metalimestones and meta- 

dolostones that is divisible into several mappable members (Crowley 

and others, 1976). Conformably overlying the Cockeysville with 

gradational cot&act is a sequence of pelitlc schist and lesser amounts 

of metagraywacke called the lower pelitic schist by Southwick and 

Fisher (1967), Southwick and Owens (1968), and Southwick (1969). 

Crowley (1976) divided this unit into the bch Raven Schist and Oella 

Formation. The Setters Formation, Cockeysville Marble, Loch Raven 

Schist, and Oella Formation constitute the Glenarm Group as presently 

defined, and are thought to represent an autochthonous shelf sequence 

(Setters and Cockeysville) transitional into a deeper water elastic 

sequence (Loch Raven and Oella) of probable Early Paleozoic age. 

Hoot of the rocks that lie structurally ahove the Loch Raven 

Schist and Gella Formation are now considered l llochthonous and thus 

not part of the Glenann Group. This thick sequence of metamorphosed 

elastic metasedimentary rocka, which wu formerly considered to 

constitute the major part of the old Wissahickon Formation (or Wissa- 

l&&on Group of Crow&y, 1976), is now -believed to be a complex 

sequence of stacked thr&t sheets and melanges =(pl. -2), probably 

similar in age and origin to the Manhattan Schist and Taconic thrust 

slices in New York and New England (AA. Drake, Jr., written communi- 

cation, 1982; Drake and Morgan, 1981). In addition, the Baltimore 

Complex, which was considered to be intrusive before the work of 

Crowley (1976), as well as rocks of the Jamee Run Formation, are now 

regarded as allochthonoua (Crowley, 1976; Fisher and others, 1979; 

Drake and Morgan, 1981). 
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ROClCS EXPOSED IN CECIL COUNTY 

Only the rocks exposed in Cecil County ara described in this 

paper. For descriptions of rocks units elsewhere in the Naryland 

Piedmont, the reader is referred to Hopson (1964), Southwick and Owens 

(1968), Crowleg (1976), Fisher and others (1979). and Drake and Morgan 

(1981) . 

Hetasedimentary rock sequence 

The netasedimentary rock sequence in Cecil County, formerly 

termed' the Wissahickon Formation (Southwick and Fisher, 1967; Cleaves 

and others, 1968; Higgins and Nsher, 1971; Higgins, 1972). contains 
three distinct lithofacies: palStic rocks, diamictite, and metagray- 

wade. Each of these lithofacies is further divisible into two or 

more subfacies. Because of structural and stratigraphic complica- 

tions, as well as uncertainty of correlation between different outcrop 

belts, these subfacies have not been assigned formal nsmes. 

Pelitic rocks underlie large areas in Cecfl County (pl. 1). 

These rocks are similar to those described as part of the 'eastern 

sequence* of the Wissahickon Formation by Hopson (1964), and as the 

"lower pelitic schist II by Southwick and Fisher (1967) end Southwick 

(1969). The pelitic schists in Cecil County can be traced around the 

flank of the Mill Creek &me of Baltimore Gneiss a few kilometers to 

the northeast in Pennsylvania and Delaware (Higgins and others, 1973; 

Gohn and others, 1974). Because of this, they are thought to be 

correlative with the tich Raven Schist and part of the Oella Formation 
-. -- 

-idb - 
27. I=-. -- ~-Fe..:-- - z. .:..-z. 

e upFe?--part of the_Glenarm Group in Baltimore Counq, as revised 

by Growley (1976), and are probably autochthonous. However the Cecil 

County rocks are separated from the Loch Raven and Oella by Baltimore 

Complex rocks. 

The pelitic schist in north-central Cecil County (pl. 1) is very 
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poorly exposed, and most exposures are weathered. In the few rela- 

tively fresh outcrops it is a strongly crinkled, brownish- to silvery 

gray g fine- to medium-grained quarts-biotite-plagioclase-muscovite 

schist+ with opaque minerals as sparse accessories (table 1). 

It weathers to a reddish clayey soil containing quarts grains and 

flakes of muscovite. To the northeast, the schist appears to grade 

over a wide interval into pelitic gneiss by increase in grain size, 

increase in quartzofeldspathic segregations, and increase in abundance 

of pegmatite dikes and veinlets. These changes probably reflect an 

increase in metamorphic grade, but msy also involve changes In chemi- 

cal composition. 

To the north and northwest, the pelitic schist is in contact with 

the Baltimore Complex (Higgins, 1977a). This contact is never well 

exposed, but appears to be sharp. Crowley (1976), Morgan, (1977), and 

Fisher and others (1979) proposed that the contact is a fault. To the 

west the schist is in contact with the Conowingo dismictite, but the 

contact is unexposed. To the southeast, the schist is in contact with 

pelitic schist containing scattered stringers of smphibolite and with 

the pelitic gneiss unit. 

Fresh outcrops of pelitic schist are limited to the valley of 

Northeast Creek and to the fairly deep cut of the abandoned line of 

the old Pennsylvania Railroad south of Rising Sun (pl. 1). In all 

outcrops the schist is strongly crinkled. Host outcrops also show a 

crosscutting cleavage. 

In thin section, the schist shows an unlayered, strongly schis- 

tose but wavy texture, in which brows biotite and muscovite weave 

around quaru grains snd grains of sodic plagioclase (An12-3a)*. 

Scattexsd-opaque minerals appear to be magnetite. Table 1 gives'moaal- - -- 
analyses of two fresh samples of the pelitic schist and other schists 

in Cecil and Harford Counties. 

* Mineral modifiers are listed in order of increasing abundance in 

this paper. 
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Pelitic schfst, identical with the pelitic schist described above 

but containing scattered amphibollte stringern, bears similar contact 

relations with other facie8 of the metasedimentary sequence. In 

addition, it is in possible thrust contact with metagraywacke facies 

rocks 'to the southeast (pl. 2). Contacts with Jsmes Run Formation 

rocks are not well exposed. 

The amphibolites in this unit are fine-grained quartz-plagio- 

clase-hornblende amphiboliteo. Plagioclase generally ranges from 

albite to an&sine (Ar~9,3~), but most is oligoclase. Rare grains as 

calcic as Arks4 occur. The hornblende is dark green and the quartz 

occurs in irregularly shaped grains about the same size as the plagio- 

clase. Hornblendes are aligned In two directions in a strongly 

lepidoblastic texture. Tiny grains of magnetite are scattered 

throughout the matrix. Table 1 gives modal analyses of the schist and 

smphibolite in this subfacies. 

Pelitic gneiss forms a southwestward curving outcrop belt along 

the Pennsylvania border from Delaware to about 3 kilometers southeast 

of the town of Calvert, in north-central Cecil Count (pl. 1). In 

fresh outcrops, the gneiss is a lustrous, brown, medium- to coarse- 

grained, layered, strongly schistose rock riddled with quartzofeld- 

spathic and aplitic segregations and cut by numerous pegmatite veins 

and veinlets. It is generally a mascovlte-biotite-quartz-plagioclase 

gneiss, but locally has abundant dark-red, 3-S m garnets. The gneiss 

commonly has two or more cleavages in addition to the strong schistos- 

ity and streaking. Bascam and Hiller (1920) mapped this rock as 

Baltimore Gneiss, but it has since been shoun to be part of the 

metasedimentary cover sequence (HiggLns and others, 1973; Cohn and 

others, 1974). The gneiss weathers to a red-brown, clayey saprolite 

* Plagioclase compositions were determined optically unless otherwise 

stated. 
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containing fairly abundant quartz grains and abundsnt vein quartx 
fragments. 

In thin section, the politic gneiss showr lepidoblastic to 
granoblastic textures. Commonly, reddish-brown biotite laths and 
lesser amounts of muscovite laths weave in and out among elongate, 

interlocked grains of plagioclase and quartx. Plagioclase is gener- 

ally oligoclase. In some sections, small grains of potassium feld- 

spar. probably nicrocline, are scattered through the groundmass. 

Garnets appear to be rolled, and some have helicitic textures. Tiny 

grains of magnetite are seen in some sections. Table 1 gives modal 

analyses of some fresh samples of the politic gneiss. 

The contacts of the pelitic gneiss appear to be gradational with 

other units of the politic facies. The gneiss is apparently in sharp 
contact with Baltimore Complex rocks south of the town of Ianbard (pl. 

11, although the contact is not exposed. Fresh outcrops of the 

pelitic gneiss are fairly abundant along the several creeks that cross 

its outcrop belt, and particularly good outcrops ue found along Big 

Elk Creek. The politic gneiss outcrop belt appears to widen to the 
east and northeast in Pennsylvania and Delaware. The metamorphic 
grade also becomes higher in that direction, and Qanite crystals are 

locally present in the gneiss just across the state line in Pennsylva- 

nia. 

Dismictite crops out in two belts in Cecil Coun+y (pl. 1). In 

the northwestern corner of tie counq, diaaictite forms a small, 

wedge-shaped outcrop belt that appeus to be faultad out a short 

distance to the northeast in Pennsylvania. This outcrop belt is a 
continuation of the diamictite that defines the northemtern nose of 

the Baltimore-Washington anticlinorium in Harford Counq (Southwick 

and Owens, 1968; Southwick, 1969; Plate 2, this paper). This is 
probably the same unit that outlines and definea the anticlinorium to 

the southwest in Baltimore, Carroll, Howard, and Nontgomery Counties, 

Maryland, and in northern Virginia, where it is called the Sykesville 
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Formation (Hopson, 1964; Fisher, 1970; Higgins, '1972; Crowley, 1976; 

Fisher and others, 1979; Drake and Morgan, 1981). The diamictite in 

Howard, Carroll, and Montgomery Counties had been mistaken for granite 

and called Sykesville Granite by Keyes (1895), Jonas (1928), Cloos and 

Broedel (1940), end Stose and Stoee (1946). Cloos (Cloos and Cooke, 

1953) became convinced of its sedimentary origin while mapping in 

Montgomery County and designated it the Sykesville Formation. Fisher 

(1963) and Hopson (1964) presented evidence for a sedimentary origin 

and added the Sykesville Formation to the Clenana Series. Fisher 

(1963) also recognized that similar rocks in eastern Howard and 

Montgomery Counties, called kurel Cneiss by Chapman (1942), are 

sedimentary in origin and correlated these rocks with the Sykesville. 

Hopson (1964, p. 112-114) renamed the eastern unit the Laurel Forma- 

tion and considered the Sykesville and kurel to be "...stratigraphic 

equivalents that outline the southward-plunging nose of the Baltimore 

enticlinorium." Southwick and Fisher (1967) demoted the Sykesville 

and Laurel Formations to a single lithofacies of the Wissahickon 

Formation, chiefly because of Southwick's mapping in Harford County 

(Southwick and Owens, 1968; Southwick, 1969), and suggested that all 

the diamictite there is not at the seme stratigraphic level as the 

Sykesville and Laurel dfemictite belto. Higgins and Fisher (1971) 

changed the name of Southwick and Fishers' (1967) "boulder gneiss 

lithofacies" to the diexictite facie8 of the Wissahickon, but followed 

the same general concept as did Southwick and Fisher. Crowley (1976; 

Crbwley and others, 1976) proposed that the name Sykesvflle Formation 

be readopted for the diamictites in the Sykesville and Laurel outcrop 

belts. Drake and Horgen (1981) followed Ccowlay and reinstated 

SykesvY?le Formation for the diaxictites in northern VirgIn%a as wtil 

as Maryland. Therefore, Sykesville Formation is used in this paper 

for the northwesternmost belt of diamictite in Cecil County and for 

the diamictites to the southwest in Maryland and Virginia. 

The second belt of diemictite in Cecil County is located south- 

east of the Baltimore Complex from around Conowingo Dam to just south 

of the town of Rising Sun (pl. 1). Diamictites In this belt are well 
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exposed on the northeast side of the Susquehanna River downstream from 

Conowingo D 
+ 

or approximately 4.8 km southeast ('I , The most spectacu- 

lar exposures are found along the river, under+and around the large 

powerlines just downstream from the dam, but excellent exposures are 

also found northeast of Rowlandsville, along Octoraro Creek. This 

belt of diamictite is informally called the Epnowiw wctite. It 

extends for several kilometers to the southwest in Harford County. 

Included in this unit is a strange zone of quartz-bearing mafic rocks 

that most earlier workers mapped as quartz gabbro and quartz diorite 

which they associated with the Pafic and ultramafic &at I have mapped 

as the Baltimore Complex. 

Like the diamictites to the southwest in the Maryland Piedmont, 

all the diamictites in Cecil County and adjacent Harford County had 

been mistaken for plutonic rocks (Grlmaley, 1894; Leonard, 1901; 

Bascom, 1902; Hershey, 1936, 1937; Cloos and Hershey, 1936) and called 

Port Deposit Granite or Port Deposit Granodiorite until Hopson (1960, 

p. 31-32) suggested that some of the rocks along the Susquehanna River 

just below Conowingo Dam are sedimentary in origin. Later mapping by 

Southwick (Southwick and Gwens, 1968) showed a thin belt of "boulder 

gneiss" (about 400 P thick) just below the dun on the southwestern 

side of the Susquehanna in Harford Co-q. Southwick (Southwick and 

Owens, 1968) also mapped the Sykemille Formation in Harford County as 

"boulder gneiss." My mapping haa extended the Sykesville Formation 

into Pennsylvania and has expanded the area considered underlain by 

the Conovingo diamictita (~1.1). although there io still disagreement 

over the origin of some of the rocka that I mapped as fine-grained 

Conowingo diamictite. 

nopson (1964, p. 101, 103) urd Fisher (l970, p. 303) estimated 

the thickness of the Sykesville Formation in Nontgomery County to be 

as much as 4,600 P. About 2,100 a of Sykesville diamictite and as 

much as 4,000 P of Conowingo diamictite are exposed in Cecil County. 

Both diamictites have been divided into coarse and fine phases (pl. 

1). 
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Conowinvg gliamictit~ &Q.gmscl 

Called "boulder gneiss lithofacies" by Southwick and Fisher 

(1967). the spectacular coar8e part of the Conowingo diamictite 
superficially resemblea a weakly foliated granite, but it contains 

abundant grains, granules, and scattered pebbles of quartx, and chips, 
blocks, and slabs of quartz, quartzite, granofela, gneiss, schist, 

graywacke, amphibollte, and talc-silicate rock (figs. l-3). Locally, 
slabs as long as 100 a are present In the coarse diamictite. 

Many of the gneiss, granofels, and amphibolite clasts in the 

coarse-grained diamictite (fig. 2) are lithic matches of metavolcanic 

rocks in the James Run Formation (Fisher and othero, 1979), and some 

of the granitic clasts appear to be Port Deposit Gneiss. Host of the 

clasts in the dlamictite, including clasta thought to be derived from 

the James Run Formation and Port Deposit Gneiss, appear to have been 

mildly metamorphosed and deformed before their incorporation in the 

dismictite (also see Hershey, 1936). Hany of the quartz grains in the 

Conowingo are blue, and interestingly, many quartz grains in James Run 

volcanic-epiclastic rocks are also blue. 

The Conowingo diamictite is generally massive and poorly bedded. 

Over large areas, no bedding or layering are visible at all, but in a 
general way the exotic blocks appear to be concentrated along definite 

zones or lenses. The coarse-gralned diamictite commonly forms good 

outcrops, even on hilltops. Where it is deeply weathered, it forms a 

gray, quartz-rich saprolite in which scattered, weathered fragments of 
the rock clasts are locally recognizable. 

Mneralogically, the coarse-grained diaxictite is very similar to 

the Sykesvilla and Laurel gneisses described by Hopson (1964, p. 107, 

US), and to some of the diamictite ("boulder gneiss" and metagray- 

vacke) in Harford County, described by Southwick (1969, p. 34); the 
only difference being in the potassium feldspu content (table 2). 

The coarse-grained Conowingo diamictite has a relict elastic texture, 

in which quartx occurs as relict elastic grains, tiny matrix grains, 

and rounded aggregates of two or more graina. Hopson (1964, p. 106) 

stated of the diemictite in the Sykesvllle Foraation: 
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There is no difference, other than size, between the 

elastic quartz grains seen in thin section and the quarts 

'lumps' so conspicuous in outcrop. Moreover , there are 

all gradations in size between them. It is evident that 

the quartz lumps are relict pebbles and granules, in a 

partly sandy matrix." 

Plagioclase in the diamictite shows three forms similar to those 

&scribed by Hopson (1964) in the Sykesville Formation: (1) Relict, 

rounded, elastic grains that have few inclusions but are commonly 

clouded by sericite and tiny grains of -0pidote or clinozoisite. 

Zoning or twinning has been broken or rounded off in many of these 

grains, and some have new overgrowths on the old elastic grains. This 

relict plagioclase generally ranges from albite to oligoclase 

(+0,29), but a few grains as calclc as An50 were seen. The over- 

growths on relict grains are commonly albite. (2) Newly formed, 

commonly m-&wixmed, unaltered and unclouded porphyroblasts of albite 

or sodic oligoclase (9-1, ) that are strongly sieved and have irregu- 

lar amoeba-form shapes with arms that project into the matrix. These 

are the least common. (3) Tiny granoblastic grains in the matrix that 

range from albite to sodic oligoclase (%-16). 

Potassium feldspar occurs in two foras: (1) relict, clouded, 

rounded elastic grains that commonly show ths crosshatch twinning of 

microcline; snd (2) rare matrix grains, which show no twinning and are 

recognizable only when stained. 

Polygranular aggregates of feldspar, quartx, or both are fairly 

comaon in the diamictite. These are grenules of rounded rock frag- 

menus m what was a pelitiz-psammitic matrix. Tiny slab- and lens- 
shaped fragments of biotite schist and graywacko or of quartzite and 

biotite schist are also present. 

The micas in the diamictite are similar to those described by 

Hopson (1964, p. 108) and Southwick (1969, p. 34). Muscovite, in fine 

flakes and as sericite concentrations, is the most prevalent nicaceous 
mineral (table 2), followed by clusters of biotite and chlorite. 
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Magnetite is the most common accessory mineral in the Conowingo 

dismictite and accounts for the high magnetic susceptibility of the 

unit (Fisher and others, 1979). The diamictite generally coincides 

with high anomalies on aeromagnetic maps. 

Conowing diamictite (fine) 

The rocks mapped as the fine-grained part of the Conowingo 

diamictite are essentially similar to the coarse-grained diamictite, 

but have a finer-grained matrix and markedly less abundant clasts of 

pebble size or larger. 

There has been controversy about some of ths rocks I mapped as 

fine Conowingo diamictite southeast of the large coarse lens below 

Conowingo Dam. These rocks were considered plutonic (or metaplutonic) 

by Grimsley (1894), Bascom (1902a. 1902b), Hershey (1936, 1937), Cloos 

and Hershey (1936). Hopson (1960), and Southwick (1969; Southwick and 

Owens, 1968). I (Higgins, 1972; Plate 1, this paper) considered all 

the rocks along the Susquehanna River between Conowingo Dam and 

Sterret Island to be metasedimentary, whereas Southwick (1969; South- 

wick and Owens, 1968) had mapped most of the "granitic" rocks across 

the Susquehanna River in Harford County as metaplutonic Port Deposit 

Gneiss. This conflict spurred Southwick to remap and restudy the 

rocks on both sides of the river (Soutiwick, 1979). The results of 

this new effort (reproduced in fig. 5) are in only partial agreement 

with the geologic map of Cecil Countg (pl. 1). We now agree that the 

rocks along the river from about 900 m northwest of Conowingo Dam to 

about 300 m southeast of Octoruo Creek and the rocks from about 650 m 

southeast of Octoraro Greek to about 350 m northwest of Sterret Island 

&sbdsd a in fig. 5) are diamictites of one kind or another, The two 

belts of rock labeled h and E in Figure 5 ue opon to question. 

Southwick (1979, p. 106) described his unit h, "medium-grained 

gneissic biotite quarts diorite,* as follows: 

'Somewhat metamorphosed biotite quartz diorite. 
locally with hornblende also, occurs in a belt about 1 las 
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wide south of Shurss Landing in Harford County. It 

contains less quarts and muscovlte, and more plagioclase 

and biotite, than the quarts augen gnsimm (unit c) which 

it otherwise resembles closely. Horeover , It possesses 

well-preserved hypidiomorphic granular texture With 

subhedral zoned plagioclass, wedge-shaped volumes of 

interstitial quartz.... and scattered euhedral crystals of 

zoned allanite... The southern contact of this material 

against diamictite is indistinct and difficult to map 

precisely with the available exposure." 

Southwick goes on to describe his unit E, "quartz augen gneiss": 

"Oval grains of blue-gray quartz on the or&r of S-10 

mm long constitute about 20-258 of this rock; the remain- 

&r is plagioclase, biotite, finer gralned quartz, and 

muscovite together with variable small amoxmts of iron- 

poor epidote and garnet. Foliation ranges from strong to 

barely detectable. In well foliated rocks particularly 

the quartz grains resemble elastic granules; in less 

foliated rocks the hand specimen appearance is more 

'granitic'." 

Southwick (1979, p. 106, 115-116) concluded that his unit h (fig. 

5), "biotite quartz diorits; is probably metaplutonlc, and (1979, 9. 

114-116) that the 'quartz augen gnelas" of hla unit E night be meta- 

morphosed troncihjemite. His evidence for the blotlte quartz diorite 

being metaplutonic consists of the following: (1) It ia slightly 

different mineraloglcally and texturally from the diamictites on 

either side. (2) It has zoned, subhsdral plagioclases with intersti- 

tial, wedge-shaped, polycrystalline masses of quartx. (3) It has 

scattered, euhedral crystals of zoned allanite. His evidence for the 

quartz augen gneiss being metaplutonic consists of its lithologic and 

chemical similarities to altered, wtsaorphosed. and deformed trond- 

hjemites in Minnesota and New Mexico. 
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I concede that some of the rocks along the Susquehanna River 

south of Octoraro Creek, that I mappod as fine diamictite (unit h of 
Southwick, 1979), may be partly of igneous origin. However, they may 

not be strictly plutonic. 'Rm zoned, auhhedral plagioclaoeo in these 
rocks (Southwick, 1979, fig. 3) are strikingly similar to plagioclase 

phenocrysts and broken phenocrysts in many of the James Run Formation 

metavolcanic, metavolcaniclastic, and metasubvolcanic rocks (Marshall, 

1937; Higgins, 1972, p. 1000-1002, fig. 10) and to phenocrysts in 

volcanic and subvolcanic rocks elsewhera. Morsovar, this "quartz 

diorite' as described by Southwick (1979) ir similar in texture, 

mineralogy, and composition to other "quartz diorites" such as the 

Norbeck quartz diorite and related rocks in the Xaryland Piedmont to 

the southwest (Hopson, 1964). Higgins (1972) and Crowley (1976) 
presented evidence that many of these rocks are either submarine slide 

deposits composed largely of volcanogenic debrir or complexes of 

Illetasubvolcanic rocks, netavolcanic rocks, and shallow hypabyssal 

plutons genetically related to and approximately the same age as the 
metavolcanic rocks. Perhaps this is also tm for the "biotlte quartz 

dioritc' south of Octoraro Creek. Alternatively, these quartz dio- 

rites may be megaclasts or "knockeram within the diamictite (see Drake 

and Morgan, 1981). 

I must also concur with Southwick (1979) that many of the quartz 

augen gneisses in his unit E northwest of Sterret Island may indeed be 

metamorphosed plutonic rocks that were mistakenly identified as 

diamictite. However, some of the finer grained diamictites (including 

fine-grained dismictites within the coarse-grained diamictltes), the 

metavolcanic and metasubvolcanic rocks, and the aetaplutonic rocks are 

ao s&~i=&etr ia the field that, unless one had virtually continuous thin 

sections, the assignment of origin to these rocks is extremely diffi- 

cult. Moreover, some of these rocks may be megaclasts within diamic- 

tites. I suspect that unit c contains more than one rock type. 

Conow* diamictite: mafic lpDQ 

Some of the most perplexing rocks in the Piedmont of Cecil County 
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are those I mapped as the mafic zone of the Conowingo diamictite (pl. 

1). This unit forms an outcrop belt about 210 P wide and 12 km long 

between Rising Sun and the Susquehanna River near Conowingo Dam, and 

occurs between the gabbroic rocks of the Baltimore Complex and the 

main mass of the Conowingo diamictite, including both the coarse- 

grained and fine-grained facies. The mafic zone consists of a hetero- 

geneous mixture of quartz-bearing mafic rocks and rocks that appear to 

be intermediate between gabbroic igneous rocks and mafic metasediment- 

ary rocks. In addition, occurrences of mafic breccia occur locally 

within the unit. 

Rocks of the mafic zone of the Conowingo diamictite were consid- 

ered to be associated with rock of the Baltimore Complex by most 

previous workers. Leonard (1901) called them .quartx-mica-hornblende 

dioryte' or "tonalyte" and emphasized their quartz-rich character. 

Bascon and others (1902) referred to these rocks as "quartz-hornblende 

gabbro: Modal analyses of -quarts gabbros" and 'quartz diorites" 

from Harford County (Southwick, 1970, p. 408, table 4) show that some 

of these rocks carry significant amounts of quarts, ranging up to as 

much as 20.2 percent. Blebs of blue quartz, which are very conspicu- 

ous in some of the rocks of the mafic zone, appear identical to blue 

quartz blebs in the Conowingo diamictite at many localities in Cecil 

county. Horeover, in some mafic zone rocks these quarts blebs appear 

to be relict granules made up of more than one quartx grain. klany are 

rounded or subrounded like the quartz granules in the diamictites, and 

are unlike the small irregularly shaped interstitial quartz masses of 

many quartz gabbros (Southwick, 1970, p. 408). In other words, they 

appear to be relict detrital grains and rock fragments despite the 

mati matrix. 

Rocks similar to the mafic zone of the Conowingo diamictite have 

been mapped in the same tectonostratigraphic position in Harford 

County (Southwick and Owens, 1968), where they were called 'quartz 

gabbro and quartx diorite gneiss.g Southwick (Southwick and Owens, 

1968) traced this unit southwest from the Susquehanna River for a 

distance of about 11 km. This zone war described by Southwick (1969, 

p. 60-61) as *follows: 
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"Hypersthane gabbro grades southsastwrrd into a belt 

of quartz gabbro and quartz diorite, which can be traced 

from Thomas Run to the vicinity of Conowlngo Dam. It goes 

on into Cecil County, but its extent there Is imperfectly 

knOWn. The variable appearance and extremely poor expo- 

sure of these rocks have led to conflicting interpre- 

tations of them, but earlier workers all agree that they 

are somehow related to the gabbro complex... Some rocks 

in this belt are dark, hornblende-rich, medium- to coarse- 

gained urallte gabbros having a few percent quartz; 

others are rather light biotite-hornblende quartz diorite. 

Commonly the dioritic rocks contain abundant dark inclu- 

sions that increase in abundance toward the northwest edge 

of the belt. 

The southeast contact of the dlorite belt is a 

complex zone that is confused by extensive shearing and by 

injection of phases of Port Deposit Gnelss. A highly 

sheared zone of mixed rocks involving diorite, epidote 

amphibolite of uncertain affiliation, quartzite and 

boulder gneiss of the Wissshickon Formation, and aplite to 

quartz dlorite phases of the Port Deposit Gnelss is 

exposed near the intake structure of the Raltimore-Susque- 

harms aqueduct of Conowlngo Dam. A similar situation is 

inferred from a somewhat poorer outcrop along strike at 

Deer Creek: 

In Cecil Counq, however, these rocks are in contact on the 

southeast with the Conowingo dismictite and not the Port Deposit 

Gneiss (pl. 1, and fig. 5). This has boon confirmed by the more 

recent work of Southwick (1979). The rocks of the mafic zone appear 

to grade into the Conowingo diemictite on the southeast, and approxi- 

mately at the point where the diamictite pinches out in the vicinity 

of Rising Sun, the mafic zone also pinches out. An identical situa- 

tion was mapped by Southwick (Southwick and Owens, 1968) along strike 
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to the southwest in Harford County; a long, narrow belt of “Wfssshick- 

on Formation, undIvideda extends 12 hn to the southwest along the 

southeastern side Of the wquartz gabbro and quartz dioritt gneiss" 

(the mafic zone of the Conovingo dismictite) from the Susquehanna 

River to just southeast of the village of Thomas Run. Southwick 

(Southwick and Owens, 1968) described the "Wissahickon Formation, 

undivided" as "mica schist, chlorite schist, boulder gneiss, and 

mfcaceous quartzite occurring as septa between and inclusions within 

post-Glenarm igneous plutons.' He also mapped amphibolite lenses in 

this belt of rocks and lenses of "Wissahickon Formation, undivided" 

within the belt of 'quartz gabbro and quartz diorite gneiss." My 

reconnaissance work in Harford County, and Southwick's (1979) later 

work, indicates that the rocks of the 'Wissahickon Formation, undivid- 

ed" belong to the Conovingo diamlctite. Where this diamictite belt 

pinches out In Harford County, southeast of Thomao Run, the belt of 

'quartz gabbro and quartz diorlte gneiss' also pinches out, just as it 

does near Rising Sun in Cecil County. This strongly suggests that 

these tvo belts of rock are related. 

The two most difficult contacts of the Conovingo diamictite to 

define in Cecil County are the contact between the mafic zone and the 

main body of the dismictite to the southeast, and the contact between 

the mafic zone and the gabbro unit of the Baltimore Complex to the 

northwest. Near the contact with the diamictite in Cecil County, the 

mafic zone rocks contain as much as 35 percent quartz. In addition, 

rocks that clearly belong to the Conovingo dismictite along its 

northwestern contact vith the mafic zone are more mafic than wnonaal" 

dismictltes elsewhere in the Maryland Piedmont. Leonard (1901. p. 

137, 141, 172-174) gave good descriptions of the transftlonal nature 

of both the northwestern and southeastern contacts of the mafic zone. 

Hershey (1937, p. 143) also noted the gradational contact between the 

Baltimore Complex and the Conowingo diamictite (which he mapped as 

Port Deposit granodiorite), and stated: "The hornblende content of the 

granodiorite, vhich in this locality appears to increase tovard the 

contact, suggests a mixing of the two rock types.w On the geologic 
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map of Cecil County (pl. l), the northwestern contact of the mafic 

zones was placed at the last appsarancs of quartz grains that are 

visible to the naked eye, and thum is arbitrary. The southeastern 

contact was placed where diamictits-appearing rocka have a greenish 

matrix in outcrop owing to abundant chlorite or amphibole. 
Together, the mafic zone and the Conowingo diamictite have all 

the characteristics of a melange (Silver and Beutner, 1980; Drake and 
Morgan, 1981). All who have studied these rocks have noted that they 

are a heterogeneous mixture of a wi& variety of rock types. In fact, 

this zone contains more clasts of different rock types than is known 

for any outcrop of diamictite of the Sykesville Formation in Maryland. 

Many of these clasts appear to have been derived from the James Run 

Formation. 

Spectacular mafic breccias crop out locally within the mafic zone 

of the Conowingo diamictite (also see Hershey, 1937, p. 143). These 

breccias are composed of clasts of amphibolite and metagabbroic rocks 

that range in size from a few centimeter8 to several meters in a 

matrix resembling slightly mafic diamictite. One particularly good 

exposure of mafic breccia is in the bluffa along the northeast side of 

Octoraro Creek just southwest of where U.S. Rte. 1 crosses the creek 

(PI. 1). 

Svkesva Formation 

Like the Conowingo diamictite, diamictiteo of the Sykesville 

Formation in the relatively narrow, wedge-shaped area in northwestern 

Secil County have also been diva&d into coarse-grai-ned and fine- 

grained units (pl. 1). These rocks ue essentially identical with the 

Conowingo diamictite, but with two important differences: (1) they are 

virtually &void of potassium feldspar; and (2) they contain a fair 

amount of large and small clasts of titramafic rocks. Excellent 

descriptions of these roclcs have been given by Hopson (1964). South- 

wick (1969), and Drake and Morgan (1981). 
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The diamlctites of the Sykesville Formation have been interpreted 

as olistostromes (Hopson, 1964; Southwick and Fisher, 1967; Southwick, 

1969; Fisher, 1970; Higgins and Fisher, 1971; Higgins, 1972; Crowley, 

1976; Fisher and others, 1979). More recently, they have been consid- 

ered to be a precursory ophiolitic melange that is dominantly olis- 

tostromal In aspect (Drake and Morgan, 1981, p. 492-493). 

Interbedded pelitlc schists, metasiltstones, and metagraywackes, 

hereafter collectively referred to simply as metagraywacke, crop out 

in two separate outcrop belts in Cecil County. One belt forms a 

narrow arc across the nortbeastsrn part of the county (pl. l), and has 

been traced for about 1.5 lar into Delaware. These rocks are best 

exposed in the valleys of streams that cut across their outcrop belt. 

The metagraywackes appear to have sharp contacts (possibly fault 

contacts) with pelitic gneiss and pelitic schist with amphibolite of 

the metasedimentary rock sequence to the north and against units of 

the James Run Formation to the nouth (~1.2). The second belt of 

metagraywacke underlies the northwestern corner of Cecil County and 

extends along strike to the northeast into Pennsylvania (pl. 1). To 

the southwest in Harford County, these rocks have been mapped as the 

"metagraywacke facles of the Uissahickon Formation" (Southwlck and 

Owens, 1968), and are shown as grading along strike into the "lower 

pelitic schist of the Wissahickon Formation" (Southwick and Owens, 

1968; Southwick, 1969). In Cecil County, this unit is best exposed in 

the railroad cuts along the gorge of the Susquehanna River and in its 

tributary stream valleys. 

The metagraywacke sequences commonly consist of graded metagray- 

wacke and netasiltstone beds, ranging in thickness from about 30 cm to 

about 2.5 la, interbedded with sections of approximately the same 

thickness of finely laminated pelitic schist. Many of the metagray- 

wacke beds have sharp contacts with underlying pelitic sections, but 

grade upward with diffuse contacts into overlying pelitic beds (see 

Hopson, 1964) and thus give good facing criteria. Flame structures 

are relatively common at the bases of the rstagraywacke beds. 
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Metagraywacke sequences containing thin stringers of amphibollte 

form an outcrop belt that wraps around the Port Deposit Cneiss (pl. 

1). In this belt, psasmitic beds of metamorphosed graywacke, subgray- 

wacke, and quartzose graywacke are rhythimically interbedded with 

pelitic schist and quartzose pelitic schist sections. In most out- 

crops, beds of psammitic rocks and sections of pelitic schist are 

remarkably uniform In thickness, ranging from about 60 to 180 cm; 

laminae within schist sections are generally less than 1 mn thick. 

These rocks display a wide veciety of original sedimentary features, 

including spectacular pull-apart8 and slump structures. Their most 

characteristic feature in Cecil County, however, is the ubiquitous 

presence of large (2-6 cm long) crystals of staurolite that have been 

altered to sericitic "shimmer aggregates" and smaller (3-8 mm) crys- 

tals of green chlorltoid. Garnets (as large as 1 cm) with rims 

altered to chlorite are also fairly common in the metagraywacke-with- 

amphibolite unit. 

In addition to a well-developed bedding plane schistosity, the 

rocks of the metagraywacke-with-amphibolite unit display classic 

strain-slip cleavage. The best exposures of structural, sedimentary, 

and mineralogical features in the metagraywackes are along both sides 

of the bridge on the road leading south from Colora (pl. 1). The best 

examples of altered staurolite crystals are found in the valley of 

Basin Run, just south of Liberty Grova. 

Both the metagraywacke layers and the pelitic layers in the 

metagraywacke-with-amphibolite unit show strong lepidoblaatlc textures 

in thin section. This is aloo tme of the amphibolite stringers in 

the unit. The metagraywackes consist of quartz. plagioclase (general 

ly oligoclase). xmuscovite. and large laths of bent and twisted green 

biotite (table 3). The pelitic layer8 are composed of biotite, 

muscovite, and quartx, and minor magnetite (table 3). The amphibo- 

lites are identical with amphibolites in the pelitic schist with 

amphibolite unit. 
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The contact of the metagraywacke-with-amphibolite unit with the 

Port Deposit Gneiss appear8 to be very sharp .from the Susquehanna 

River to about Principio Creek. To the northeast, in the general 
vicinity of Cathers Corner (pl. l), rocks identical with Port Deposit 

Cneiss occur as lenses within the metagraywacke as far as about 760 m 

east of the "main" contact between the metagrawacke-with-amphibolite 

unit and the Port Deposit. The metagraywacke-with-emphibolite unit 

appears to pinch out near Battle Swamp and is missing southeast of the 

Port Deposit Gneiss in the area between the Susquehanna River and the 
long tongue of upland gravel along Maryland Bte. 275. 

In Iiarford County, directly along strike with the metagrapacke- 
with-amphibolite unit, Southwick (Southwick and Owens, 1968) mapped a 

unit of "Wissabickon Formation, undivided" that contains amphibolite. 

This belt of rocks appears to pinch out near Bramblewood, about 13 km 

southwest of the Susquehanna River. 

A breccia composed of mafic rock fragments or clasts in a matrix 

of granitic rock (fig. 5) crops out between Principio Road and Post 

Road, about one mile (804 m) southwest of College Green (pl. 1). where 

it is completely surrounded by rocks of the metagraywacke-with- 

amphibolite unit. The mafic rock fragments, l ome as large as 40 cm 

across, are enclosed in an anastomosing granitic matrix that swirls 

around them and cuts through some aa thin dikes (fig. 6). The mafic 
rock is medium- to coarse-grained and appear8 to be similar to some 

gabbroic roch in the Baltimore Complex, but no thin sections or 
chemical analyses were ma&. 

Metavolcanic and metaplutonic roclu 

Hetavolcanic and (or) metaplutonic units in Cecil County include 

the James Run Formation, Baltimore Complex, Port Deposit Cneiss, and 

several unnamed and informally named granitic gneisses and gabbroic 

bodies. 
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Southwick and Fisher (1967) gave the name James Run Gneiss to 
interlaycrad quartz amphibolite and biotite-quartz-plagioclase gneiss 

that are well exposed along James Run in Harford County (Southwick and 

Owens, 1968), and suggested a volcanic and volcaniclaetic origin for 

these rocks. Rarlier, Hopson (1964, p. 31-35) had suggested a vol- 

canic and volcaniclastic origin for similar rocks exposed in Baltimore 

City. Southwick (1969, p. 47-55) recognized the similarity between 

his James Run Gneiss, Hopson's (1964) "Baltimore paragneiss." parts of 
the "volcanic complex of Cecil County" (Marshall, 1937), and some of 

the rocks of the "Wilmington complex" (Ward, 1959) in Delaware, and 
proposed that all of these rocks are correlative. Later, Southwick 

and others (1971) named similar rocks in northern Virginia the Chopa- 
wamsic Formation and suggested a possible correlation with the James 

Run Gneiss and the other rocks of similar nature in Maryland and 

Virginia. In 1972, I changed the name of the Maryland rocks from 

James Run Gneiss to James Run Formation and proposed formal correla- 
tion with the Chopawamsic Formation in Virginia (Higgins, 1972). 

The James Run Formation in Cecil County has been divided into 

seven formally named members: the Principio Purnace, Frenchtown, 

Gilpins Falls, Little Northeast Creek, Principio Creek, Big Elk Creek, 

and Happy Valley Branch Members (Higgins, 1971a. 1972, 1977b). In 

addition, one unnamed felsite lens of limited extent (Higgins, 1977b) 

has been mapped (pl. 1). Modal analyses of the some of the James Run 
rocks are given in Table 4. 

Iaterbedded gray and light-gray to grayish-white, intermediate to 

felsic metavolcanic rocks and lesser amounts of diamictite composed 

partly of volcanic and partly of nonvolcanic sedimentary material were 

named the Principio Furnace Nember of the James Run Formation for 

Principio Furnace on Principio Creek, Cecil County (Higgins, 1977b; 

pl. 1, this paper). Exposures along Principio Creek, from just south 

of Maryland Rte. 7 to just north of U.S. Rte. 40, were designated the 
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type oection. The original thickness of the Prlncipio Furnace Member 

cannot be determined because of subsequent deformation, but the 

present thickness is approxiuuately 760 P. The member is probably 

partly equivalent to the Little Northeast Creek Member. To the 

northeast, it interfingers with, and probably grades into, the biotite 

gneiss near Rolling Mills (pl. 1). The Principio Furnace Member is 

apparently overlain with gradational contact by the Frenchtown Member. 

In fresh outcrops, the rocks of the Principio Furnace Member are 

gray s fine-grained, even-grained, intermediate granofels containing 

scattered blocb phenocrysts of plagioclase feldspar.. These rocks are 

found in beds or layers, generally about 0.3 to 1.2 P thick, that 

alternate With light-gray, fine-grained, even-grained granofels 

containing scattered phenocrysts of plagioclase, green emphibole, and 

quartz, and with beds of gray, medium-grained, biotite-bearing epi- 

cfastic diamictite gneiss that contain abundant round to oblong grains 

and blebs of quartz (fig. 7). Locally, foreign rock fragments are 

found in the diamictite gneiss (fig. 7). The light-gray granofels 

generally occurs in beds or lenses of about the same thickness as the 

gray granofels, but the diamictite gneiss generally occurs in beds or 

lenses from abou 
6 

0.6 to 4.6 +hick. Volcaniclastic features and 

mafic rocks are rare in the Principio Furnace lkmber, and this helps 

differentiate it from the overlying Frenchtown Member. 

In thin section, the light-gray granofels generally show grano- 

blastic to weakly lepidoblastic textures comprised of a matrix of 

fine- to medium-grained quartz and plagioclase, in which are set 

euhedral and broken phenocrysts of plagioclase u much as 5 mm long 

and large crystals of bluish-green amphibole u much as 8 mm long. 

The plagioclase phenocryats are commonly zoned and range in composi- 

tion from albite to oligoclase. The gray, intermediate granofels have 

similar textures and mineral compositions, but their large plagioclase 

crystals generally range from oligoclase to andesine and are not as 

abundant as the large plagioclase crystals in the light-gray grano- 

fels. Most of the groundmass plagioclase in both types of granofels 

is albite. Chemically, some of these rocks are keratophyres (table 8) 

that may originally have been dacites and rhyoliter. 
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Frenchtowr\ Membsr 
Interbedded dark-green mafic, gray intermediate, and light-gray 

to grayish-white metamorphosed felsic volcanic, volcaniclastic, and 

volcanic-epiclastic rocks containing relict phenocryats of plagioclase 

and (or) quartz, and (or) amphibole, and, locally, relict pumice 

lapilli, accretionary lapilli, and smygdules (figa. 7-lo), were named 

the Frenchtown Member of the James Run Formation for good exposures 

around Frenchtown, Cecil County (Higgins, 1977b; pl. 1). The type 

section consists of the exposuree in the gorge of the Susquehanna 
River, from just northwest of Interstate 95 to the village of French- 

town. Most fresh exposures of the Frenchtown Member are found in 

creek valleys, but good exposures are also found in roadcuts along 

Interstate 95 just north of the Susquehanna River. The Frenchtown 

Member appears to stratigraphically overlie the Principio Furnace 

Member and is structurally overlain by the Gilpins Falls Member of the 

James Run Formation. It may be equivalent to part of the Little 

Northeast Creek Member. 

In fresh outcrops, the rocka of the Frenchtown Member are fine- 

grained, schistose to massive, commonly amygdaloidal amphibolites; 

fine- to medium-grained, gray granofels with bloclry plagioclase 

phenocrysts, minor amounts of smphibole phenocrysts, and quarts blebs; 

and light-gray to grayish-white granofels with blocky plagioclase 

phenocrysts and quartz blebs. Volcaniclastic features are relatively 

common (figs. 9 and 10). Amphibolite layers are commonly about .3 to 
3.5 P thick and weather to a green saprolite. The felsic rocks occur 

in layers between 1 and 9 P thick and weather to gray saprolite 

containing sparse quarts grains and to a very light-gray saprolite 

wittr abandant quarts grains. 
The emphibolitrs are composed of plagfoclase, colorless cumming- 

tonite, blackish-green sodic hornblende, epfdote, accessory magnetite, 

and minor amounts of quaru (table 4). Most have lepidoblastic 

textures with medium to large amphiboles (2-6 OIP long) in a groundmass 

of plagioclase spotted with epidote and accessories. The plagioclase 

is generally albite to andesine (Ang-)'). Southwick (1969, p. 57) 
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noted the coexistence of two amphibolea in the rocks now assigned to 

the Frenchtown Member. 

In thin section, the light-gray intermediate granofels show 

granoblastic or weak lepidoblastic textures. Large, blocw, zoned 

phenocrysts of plagioclase, generally albite to andesine (An9-3s), are 

interspersed in a groundmass of feldspar, mostly albite to oligoclase, 

and quartz. Tiny grains of epidote and opaque minerals are seen in 

the groundmass in some thin sections. The very light gray to grayish- 

white granofels are composed almost entirely of quartz and plagio- 

clase, although some thin sections show minor amour&of potassium 

feldspar (orthoclase?). They generally have porphyritic granoblastic 

textties. Groundmass plagioclase is oligoclase to an&sine (An11,39). 

Large porphyritic plagioclase crystals are also oligoclase to andesine 

(%O-38)' with the most being about Anp5. These are commonly zoned, 

and some have outer zones as sodic as 'L"r* 
Chemically, the rocks of the Frenchtown Hembar are high in Na20 

and low in SC20 (table 8). They may originally have been basalts, 

andesites, dacites, and rhyolites. 

GilDins Falls Member 

The Gilpins Falls Member of the James Run Formation is the most 

distinctive and readily mappable tit in Gecil Count. xt consists 
chiefly of greenschists and greenstoner in tha southwestern part of 

its outcrop belt and of amphibolites and amphibole schists in the 

northeastern part of the belt, although there 18 much variation along 

strike. The type locality is Gilpins Falls on Northeast Creek just 
south of Maryland Rte. 272, northeaat of Bay View (Higgins, 197la, p. 

323; pl. 1, this paper), The type section is well exposed along 

Northeast Creek for about 305 P north of Gilpins Falls and for about 

1,830 III south of the falls. 

The Gilpins Falls Member has been divided into four stratigraphic 

subunits (fig. 11). The lowermost of these is composed chiefly of 

metamorphosed massive, close-packed pillow lava (figs. 12 to 14), 

locally with thin chert beds near its top. The massive pillow lava 
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grades upward very gradually Into ths second subunit composed of 

isolated pillow breccia (Carlisle, 1963; and fig. 18, this paper) 

interlayered with thin be& of basaltic aquagene tuff (Carlisle, 

1963). This second subunit grades upward into basaltic tuff contain- 

ing isolated pillows and local lenses of broken pillow breccia (fig. 

19). In places, this third subunit has a few thin, discontinuous beds 

of felsic tuff and of rocks that must have been mixtures of ash and 

nonvolcanic sedimentary detritus. Subunit three is overlain by 

massive coarse-grained metabasaltic rocks that were probably lava 

flows (fig. 17). Locally this metabasalt contains fine-grained mafic 

volcaniclastic rocks. All of the subunits are not present in every 

cross section &rough the member. 

The rocks of the Cilpins Falls Member have been metamorphosed to 

the upper greenschist facias or the amphibolite facies of regional 

metamorphism (Turner and Verhoogen, 1960; Turner, 1968), and locally, 

the basaltic rocks have been sheared and recrystallized into amphibole 

schist or greenschist. It is not known whether the differences in 

metamorphic grade within the Cilpins Falls are due to prograde or 

retrograde metamorphism, or to both. Mneralogically, the Gilpins 

Falls rocks are chiefly epidote-albite-chlorite schists and green- 

stones, plagioclase-hornblende schists, and hornblende-plagioclase 

amphibolites. Despite the metamorphism and deformation, however, 

primary structures and textures are generally well preserved and 

easily recognizable in the rocks of the Gilpins Falls Member. 

The close-packed pillow lavas in the lower part of the Gilpins 

Falls Member range in shape from round through loaf-shaped to ellip- 

SOidd (figs. 15 t0 17). In many outcrops, the pillows are virtually 

undeformed cfigs. 15 and 16) The pillows in this lower part of the 

Gilpins Falls generally range fron about 30 cm to about 90 cm in 

diameter; most are about 60 cm in diameter. They generally have well- 

preserved rims as much as 4 cm thick; inward toward the center of the 

pillow is a zone of amygdules (figs. 15 to 17). Some pfllows have a 

light-greenish-gray central core that differs in color from the main 

green inner mass (fig. 15). Locally, overlying pillows are molded 
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against those below and can be umrd u facing criteria (fig. 17). 

Isolated pillows in the aquagenu tuffs higher in the Gilpins falls are 

round and have poorly developed rims, or no rims at all. They are 

also commonly much smaller than the pillows in the close-packed lavas 

(fig. la). 
Amygdules are generally well preserved in the pillow lavas (fig. 

15)s even in outcrops where the pillows have been stretched 8:l or 

more and where foliation is easily recognizable. The amygdules 

locally retain their round shapes even where the pillows have been 

stretched 4:l. Host of the amygdules are filled with subhedral and 

euhedral crystals of epidote (fig. 21), but some are filled with 

calcite or with calcite and epidote or clinotoisite, and some are 

filled with radiating clusters of acicular actinolite crystals. 

Locally, amygdules are filled with opaque minerals (chiefly megne- 

tite). The size and percentage of amygdules suggest that the pillow 

basalts were esrplacad in relatively shallow water (Higgins, 19710). 

Thin sections of the pillow lavas at Cilpins Falls show a variety 

of textures and a variety of mineral compositions. In general, these 

rocks have mineral assemblages characteristic of the greenschist 

facies. They are composed of various amounts of epidote, clinozoi- 

site, chlorite, albite, actinolite, and tiny grains of magnetite (and 

lesser amounts of leucoxene). Textures vary greatly, not only from 

outcrop to outcrop and from pillow to pillow but also within indivi- 

dual pillows. The most common texture is a felted mesh of epidote and 

clinozoisite and tiny, irregululy shaped masses of albite, in which 

are scattered subhedral to euhedral crystals of plagioclase that range 

from albite to sodic oligoclase, and are probably pseudomorphic after 

calc&j&sgioclase. Probably the second aost comon texture consists 

of very weakly nematoblastic aciculu actinolite crystals set in a 

fine-grained matrix of clinoeoisite, chlorite, epidote, and albite. 

The mafic tuffs In the Gilpins Falls Member near Gilpins Falls 

are chiefly rocks that have lepidoblastic textures and are composed of 

chlorite, epidote, albite, and accessory magnetite. Epidosite clots 

are fairly common in these rocks. 
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Where the rocks of the Gilpins Falle Member are at amphibolite 

grab, -, for example, around Rock Church in the tiortheastern part of 

the county (pl. 1). they are nematoblastic hornblende-plagioclase and 

plagioclasc-hornblende smphibolites with minor amounta of epidote. 

The hornblende is pale-green and the plagioclase is generally andesine 

t-+()1 - Host thin sections show minor amounts of quartz. 

All along the Gilpins Falls outcrop belt, the rocks vary over 

short distances from smphibolites or amphibole schists to greenschists 

or greenstones due to shearing. The best examples of this variation 

are in the outcrops around Rock Church. Outcrops 25-30 P uphill from 

the church have almost undeformed pillows, but, in front of the 

church, amygdules can be traced from round (nearly undeformed) to long 

smeared streaks, and the o&y vestiges of pillows are distorted, 

flattened pieces of rims. 

One of the major folds in the area, interpreted as a synfonnal 

anticline, is defined by the outcrop pattern of the Gilpins Falls 

Member as It crosses Cecil Counq. Amphibolites of the Gilpins Falls 

have been traced eastward for nearly 2 kn into Delaware, where they 

appear to grade into coarser grained rocks. Amphibole schists have 

also been traced to the southwest into Harford County for a few 

hundred meters. 

Little North-S Creek Member 

Grayish-white to gray, fine- to medium-grained, massive granofels 

containing relict phenocrysts of plagioclase and quartz are best 

exposed along Little Northeast Creek in central Cecil County (pl. 1). 

These roclcs were- named the Little Northeast Creek Member of the James 

Run Formation (Higgins, 1977b), and the type section was designated as 

the section along Little Northeast Creek northeast of Bay View, 

between outcrop belts of the Gilpins Falls Nember (pl. 1). The 

present thickness of the Little Northeast Creek Xember is about 1,400 

P. 

Little Northeast Creek rocks are generally well exposed in the 

valleys of creeks that flow southeastward across Cecil County. Where 
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not covered by Coastal Plain sedimentary depoalts on the Lnterfluves 

between streams, roclu of this unit are generally deeply weathered to 

A grayish-colored saprolfte with fairly Abundant quartz grains. 

In fresh outcrops, the rock8 of the Little Northeast Creek Member 

are generally grayish-white to gray, fine- to medium-grained massive 

granofels, with small, blocb crystals of plagioclase, small blebs of 

quartz, and minor Amounts of biotite and elongAte amphibole crystals. 

Locally, however, the rocks have A slight foliation And, commonly, 

more than one weAkly developed cleavage. Hints of relict bedding Are 

rare, but this may be due In part to the 1Ack of large, continuous 

exposures. Very rare hornblende-plagioclase amphibolfte layers in the 

Lattle Northeast Creek Member may have been basaltic dikes or sills. 

In thin section, the granofels of the Little Northeast Creek 

Member show lepidoblastic to granoblastic textures. Amphibole crys- 

tals as long as 8 mm and biotite segregations about 5 mm across show 

alignments in more than one direction in A nk8triX of plagiochse And 

quartz. The alignment of the mafic minerals Is generally weak. 

Crystals of plagloclose tbAt are larger than the groundmass grains 

generally show no preferred alignment. Relict volcanic and volcani- 

elastic textures Are fairly common (figs. 12 and 13). Clomerocrysts 

of blocEty, zoned plagioclase are seen In mAny thin sections. 

The plagioclase in the groundmasr of the Little Northeast Creek 

granofels is nearly all albite to ollgoclase (An8-2,, most commonly 

about An22), AS are many of the large, bloclty, zoned plagioclase 

crystals. However, the cores of some of the luge crystals are as 

calcic as andesine (up to A"c6). The Amphiboles ue mostly blue-green 

hornblende, and the biotite is commonly brown. Opaques, chiefly 

magnetite, and tiny spa&A of epidote ue the principal Accessory 

minerals (table 4). 

Chemically, most of the rocks of the Little Northeast Creek 

Member appear to have been rhyolites (table 8). Like the felsic rocks 

of other units in the James Run Formation, they are high in Na20 And 

low in K2O' 
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The rocka of the Little Northeast Creek Member structurally 
overlie the Gilpins Falls Hamber. To the northeast, these rocks 

ame= to grade into biatita gneias of probable sedimentary origin. 

To the east they appear to grade into rocks of the Renchtown Member. 

Biotite-plagioclase schist characterized by abundant small, 

blocw plagioclase crystals, numerous blocb epidosite inclusions, and 

local layers of amphibolite, was named the Principio Creek Member of 

the James Run Formation-(Higgins, 1977b). The exposures of this unit 

along Principio Creek northwest of Theodore Road in Cecil County were 

designated the type section. Fresh exposures of the Principle Creek 

Member occur only in the gorge of Principio Creek. Elswhere, the 

rocks are weathered to a brownish-red saprolite that commonly contains 

small blocks of olightly weathered rock. The member pinches out about 
2 km northeast of Northeast Creak, and is covered by Coastal Plain 

sedimentary deposits about 1.6 ti southeast of Principio Creek (pl. 

1). 
Fresh exposures of the Principio Creek Member are of a dark-gray, 

medium-grained schist speckled with abundant, well-aligned, small, 

lath-shaped plagioclase crystals that appear to be relict phenocrysts 

(fig. 21). Numerous bloclcy epidosite inclusions, as much as 30 cm 

long and 20 cm wide, are scattered throughout the schist. These are 

generally aligned with the foliation and some have reaction rims. In 

=nY outcrops, layers of fine-grained, equigranular amphibolite 

parallel the main schistosity. 

The schist has an extremely strong lepidoblastic texture and 

might be mistaken for a mylonite except that rounded colorless blebs 
in the rocks are probably not porphyroclaste because they are quartz, 

not feldspar (Higgins, 1971b). In addition, the small crystals of 

plagioclase are zoned and have all of the characteristics of plagio- 

clase crystals found in volcanic rocks. These plagioclase crystals 

are generally oligoclase to andesine (An12S3g). The biotite is dark- 
brown, and the laths bend with the wavy foliation. Elongate, strained 



g/19/86 31 

quartz also follows the foliation, but large quartz grains, as much as 

7 mm across, disrupt the foliation. 

The Principio Creek Member is overlain by an unnammed unit 

composed of light-gray to white, fine- to medium-grained felsite (pl. 

1). In thin section, the felsite is seen to be composed chiefly of 

quartz and plagioclase (An10,40), minor potassium feldspar, and rare 

biotite. There are very few outcrops of this unit, and its contacts 

are not exposed. It forms a featureless light-gray, quartz-rieh 

saprolite. 

h Elk Creek Member 

Interlayered amphibolites and felsites composed chiefly of 

plagioclase and quartz (but locally containing amphibole) were named 

the Big Elk Creek Member of the James Run Formation for exposures 

along Big Elk Creek approximately 0.5-0.7 km upstream (northwest) from 

Maryland Rte. 273 (pl. 1); this section was also designated the type 

section (Higgins, 1977b). Fresh outcrops of the Big Elk Creek are 

confined to creek valleys. The mafic and felsic rocks of the Big Elk 

Creek Member are characterized by their occurrence in layers about 3 

to 12 cm thick, but early folds parallel to bedding are common. The 

rocks weather to a layered green and gray saprolite, but saprolite 

outcrops are rare. 

The schistose and streaked, fine-grained, equlgranular amphibo- 

lite layers in the Big Elk Creek Member have a strong lepidoblastic 

texture defined by well-aligned green hornblende and elongate grains 

of plagioclase. The plagioclase is oligoclase to andesine. Opaque 

minerals, epidote, and quartz are accessories. The felsites are 

fine-grained and generally nonporphyritlc. They are composed chiefly 

of plagioclase (albite to andesine) and quartz, and have granoblastic 

to lepidoblastic textures. Opaque minerals are the main accesssories. 

Locally, rounded quartzite fragments in these rocks suggest that they 

are volcanic-epiclastic with some contributions from nonvolcanic 

sources. 
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The Big Elk Creek Member structurally overlies the Cilpins Falls 
Member of the James Run Formation and appears to be partly equivalent 

to the Happy Valley Branch and Principio Creek Members (pl. 1). The 

present thickness of the unit in approximately 300 m. This member 

pinches out about 2 Ian southwest of Little Northeast Creek. To the 

northeast, it has been followed into Delaware for about a kilometer. 

Chiefly gray to grayish-white, fine-grained, medium- to thin- 

bedded felsito and gransfels containing relict, mostly broken pheno- 

trysts of plagioclase, quartz, and locally of amphibole were named the 

Hap@y Valley Branch Member of the James Run Formation (Higgins, 1977b) 

for Happy Valley Branch, a tributary of the Susquehanna River in Cecil 

county (pl. 1). The type section consists of the series of exposures 

along the Susquehanna River from just north of Happy Valley Branch to 

the contact with the mafic rocks of the Cilpins Falls Hember, about 

1,200 P northwest of Interstate 95. The present thickness of the unit 

is approximately 915 m. 
Fresh exposures of the Happy Valley Branch Member crop out in 

creeks and locally on relatively steep hillsides. Where the rock is 

weathered, it forms a grayish-white saprolite with numerous quartz 

grains. It can be traced for several hundred meters into Harford 

County, but is then cut off or covered by the Aberdeen metagabbro of 

Southwick and Owens (1968; Southwick, 1969). 

The moat common rock qpe in the Rappy Valley Branch Member is a 

light-gray to white felsite containing abundant phenocrysts of plagio- 

class and blebs of quartx (fig. 22). tically, wispy relict pumice 

lapilli are seen in some of these rocks. In thin section, this rock 

is seen to be a meshwork of tiny grains of plagioclase (albite to 
oligoclase) in which are set large, blocky plagioclase crystals about 

6 mm long, glomeroporphyritic clots of plagioclase crystals, and large 

grains of quartz (fig. 23). Opaque minerals, mostly magnetite, form a 

very small percentage of the rock, and trace amounts of epidote are 
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present. Thin layers of hornblende-plagioclase amphibolite are the 

second most prevalent rock type. 

The Happy Valley Branch Member structurally overlies the Gilpina 

Falls Hember. It is apparently equivalent to parts of the Principio 

Creek Member. Contacts appear gradational with the fine-grained phase 

of Port Deposit Cneiss, but relatively sharp with other units. 

Southwick (1979) and I now agree on placement of this unit in the 

James Run Formation, but there is still disagreement on the exact 

placement of the northwestern contact and on the nature of some of the 
rocks tiorthwest of that contact. 

Bgltiaore- 
The Baltimore Complex (Higgins, 1977a) crops out in a northeast- 

trending belt approximately 4,575 P wide across the northwest corner 

of Cecil County, and in fold noses in the north-central part of the 

county (pl. 1). Despite the fact that parts of the coppplcx are 

exposed across the Piedmont of Xaryland for a distsnce of about 100 km 

between Pennsylvania and southern Howard County just north of Laurel, 

and that the greatest area1 extent of the unit is in the vicinity of 

Baltimore (Crowley and others, 1976), all workers in the area have 
agreed that the most intact section through the complex is along the 

Susquehanna River in Cecil Counq. At the river, the Baltimore 

Complex consists, from northwest to southesst, of a zone of mostly 

serpentinized, metamorphosed ultramafic rocks about 305 P wide and a 

zone of metagabbroic rocks with some ultramafic rocks about 3,350 I 

Wide. 

Rascom and others (1902) called the ultramafic part of the 

Baltimore Complex in Cecil County "serpentinito, peridotite, pyroxe- 

nite.. and divided the remaining gabbroci put into two units; "hyper- 

sthene gabbro and norite. on the northwest, and "gabbro, metagabbro, 

quartz-hornblende gabbro" on the southeast. Across the Suaquehanna 

River in Harford County, Southwick (Southwick and Owens, 1968; South- 

wick, 1970, p. 400-401, fig. 2) showed six units within the outcrop 

area of his "Baltimore-State Line gabbro-peridotite complex" 
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(Southwick, 1969, p. 59). Included with these in the southwestern 

part of the county was a unit of " . ..thoroughly recrystallized, 

lineated epidiorite and amphibolits: cut by numerous dikes end string- 

ers of quartz-diorite gneisn...' which Crowley (Crowley, 1976; Crowley 

and others, 1976) considered to be metavolcanic rocks of the James Run 

Formation. 

On the geologic map of Cecil County (pl. l), the Baltimore 

Complex is divided into two major units: serpentinite and gabbro. 

However, each of these units contains significant amounts of other 
lithologies as well. The serpentinite has within it unserpentinized 

ultramafic rocks and locally some mafic rocks. The gabbro includes a 

wide variety of maflc rocks and locally contains uftramafic rocks. In 

addition, small areas consisting mainly of granitic rocks and of 
sheared talc schist and subordinate chlorite schist also occur within 

the Baltimore Complex. 
The northwestern contact of the Baltimore Complex is not exposed 

in Cecil County, but appears to be sharp. Along the Susquehanna 

River, about 500 ID southeast of Bald Friar (pl. 1). good exposures of 

highly sheared serpentinite and soapstone are separated from good 

exposures of diamictites of the Sykesvilla Formation by sn interval of 
no exposure about 60 P wide. A small creek that enters the Susque- 

hanna at this point appears to follow the contact. However, along and 
just southeast of the unpaved road that follows this narrow creek 

valley, float from these two units, as well as poorly exposed sapro- 

lite, indicates that the serpentinite and diamictite are in sharp 

contact. Outcrops of serpentinite and diamictite are within 15 m of 

each other along Conowingo Creek about 300 m due south of the Pennsyl- 

vania state line (pl. 1-j. Elsewhere, the contact was mapped on the 

basis of float and soils. Southwick (1970, p. 401) reported a "highly 

sheared, badly weathered, subvertical" contact "between talcose 

serpentinite and rocks of the Wissahickon Formation9 about a kilometer 

along strike to the southwest in Harford County. He also noted that 

the straight trace of the northvestern contact of the complex and the 
steep magnetic gradient across it as shown by Bromery and others 
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(1964) indicates a steep to vertical attftwh for the contact. Pearre 

and Hey1 (1960, p. 718) also reported steep southward dips on this 

contact in Pennsylvania. 

Crowley (1976, p. 26-31) presented evidence that the northwestern 

contact of the Baltimore Complex is a thrust fault. He reasoned: (1) 

Where the complex is least deformed and most intact, from its north- 

eastern terminus in southeastern Pennsylvania to near Scarboro, 7 km 

southwest of the Susquehanna River in Harford County, Maryland, it is 

bounced on the northwest by a continuous basal sheet of serpentinized 

ultramafic rocks. Near Scarboro, however, the basal sheet veers 

westward into elastic metasedimentary rocks, whereas the mafic part of 

the complex continues southwestward devoid of its ultramafic base; (2) 

The basal serpentinized ultramafic rocks in the complex from south- 

eastern Pennsylvania to near Scarboro, Maryland, are hosts to podiform 

chromite deposits. Southwest of Scarboro, identical chromite deposits 

occur in the pods and lenses of serpentinfzed ultramafic rocks scat- 

tered through the lower part of the elastic metasedimentary sequence 

on the northwest flank of the Baltimore-Washington anticlinorium 

(P1.2). These ultramafic rocks are the remains of the sheared-off 

base of the Baltimore Complex; (3) Where the ultramafic base of the 

complex is missing, it can be found to the northwest within the 

elastic rocks; (4) The isolated ultramafic masses northwest of the 

main mafic belt of the complex are confined exclusively to the elastic 

sequence, at approximately the same stratigraphic horizon. If they 

were intrusive, similar ultramafic rocks should be found in the 

Baltimore Gneiss, Setters Formation, and Cockeysville Marble; (5) Some 

of the rocks previously considered plutonic In the basal parts of the 

II&IX part of the complex are supracrustal metavolcanic rocks, whereas 

others are metaplutonic. If the base of the nafic part of the complex 

is occupied by supracrustal rocks in some places and by plutonic rocks 

in others, it must be a fault; and (6) Internal units within the 

complex are truncated by the contact. 
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Fisher and others (1979, p. 33) stated: 
"Crowley's mapping and our own reconnaissance clearly 

indicate that the contact between the Baltimore Complex 
and the underlying Uissahickon metasedimentary rocks is 

indeed a thrust fault, because it cuts major lithologic 

units within the Baltimore Kafic Complex as well as within 

the Wissahickon. This relation io particularly clear in 

the part of the complex between Baltimore and Conowingo, 

Maryland. Traced southward from Conowingo, the thrust 
cut8 pr.ogressively up section from ultramafic rocks 

through gabbro to laminated metavolcanic rocks in the 

Baltimore Mafic Coarplex (the hanging wall) at the same 

time as it cuts down section from diamictite through 

Wissabickon pelite to Cockeysville Marble in the foot- 

wall." 

In Cecil County, from the Susquehanna River northeastward to 

Pennsylvania, the thrust on the northwestern (basal) side of the 

Baltimore Complex cuts down section in the complex (the hanging wall). 

This accounts for the widening of the serpentinite unit outcrop belt 
to tbe northeast (pl. 1; Pearre and Heyl, 1960; Lapham and R&ague, 

1964). 
Numerous workers have studied the petrography of rocks of the 

Baltimore Complex since the late 1880'8 (Williams, 1884, 1886, 1890; 

Leonard, 1901; Bascom, 1902; Knopf, 1921, Inslep, 1928; Johannsen, 

1928; Knopf and Jonas, 1929; Herz, 1951; Hopson, 1964; Southwick, 

1969, 1970: Hanan, 1976, 1980; Morgan, 1977). As Eiopson (1964, p. 

132) stated, Williams' (1886) study of the complex made it a classic 

example of uralitization and metamorphism of mafic igneous rocks. 

Excellent petrologic accounts of the complex have been given by Hopson 

(1964), Southwick (1970), and Morgan (1977). and the reader is re- 

ferred to tbese papers for an overall petrologic description of the 

complex. 
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Near the northwestern thrust contact of the 'serpentinite unit of 

the Baltimore Complex (pl. 1) the most common rock type is a lustrous, 

highly sheared and fractured, bluish-green, talcose serpentinite 

("soapstone"), with no visible evidence of original texture or other 

original features. In thin section thfa rocks is seen to be composed 

of serpentine minerals with a mesh or felted-mat texture, cut by 

numerous shears and thin shear zones filled with antigorite. There 

are at least three prominent shear directions (also see Lapham and 

~&ague, 1964) that cut across earlier textures. Winor--amounts of 

sagenitic magnetite and (or) very small elongated masses of chromite 

are found In a few outcrops. The best exposure of this type of rock 

is in the railroad cut along the northeast side of the Susquehanna 

River about 120 ID southeast of the northwestern contact of the serpen- 

tinite unit (pl. 1). Sample SZ-1 (table 11) is from this locality. 

Rocks of this type apparently form an outcrop belt along the north- 

western side of the complex that is about 210 II wide, but the paucity 

of outcrops is such that other rock types may be present within this 

belt. 

To the southeast, across strike and up section, the rocks of the 

serpentinite unit become more varied, although they are also generally 

sheared and fractured. Sagenitic magnetite and elongated masses of 

chromite gradually increase to the southeast, and palimpsest igneous 

textures are locally present. These rocks were originally dunite, 

perldotite, various pyroxene-bearing peridotites (see Williams and 

others, 1954, p. 78), olivine pyroxenite, and pyroxenite. Serpentin- 

ization of these rocks has been extensive, however, so that unaltered 

and even partially unaltered uiltramafic rocks are rare. In thin 

section, most of these rocks show a mesh texture consisting of a 

felted mat of serpentine minerals cut by numerous thin shear zones 

that are filled with plaq serpentine and (or) cross-fiber asbestos. 

Veinlets of carbonate are seen in most sections. Sagenitic magnetite 

is present in many sections, and locally, elongated, thin masses of 

chromite are present. Despite the deformation and alteration, some of 
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these rocks can be identified vith igneous, preaetamorphic recks by 

palimpsest textures and structures. Relict layering is locally 
present in these rocks and is generally contorted, as noted by Hopson 

(1964). 

Perhaps the most distinguishing characteristic of the ultramafic 

rocks, as noted by Crovley (1976, p. 26027), is that they commonly 

contain significant amounts of chromite, both as disseminated elon- 

gated grains and as massive podiform ore bodies (Pearre and Heyl, 

1960; Thayer, 1960, 1967, 1970, 1971; Southvick, 1970). In the old 

"State Line Chronite District," which straddles the boundary between 

Cecil County, Maryland, and Chester County, Pennsylvania, the chromite 

deposits do not appear to mark a specific horizon or even the basal 

part of the serpentinite unit but occur throughout the major part of 

the unit (Pearre and Heyl, 1960). Nevertheless, the presence of 

significant smounts of chrorite is confined to the serpentinite unit. 

Some of the smaller chromite grains are folded with the rest of the 

rocks and are cut by fractures filled with serpentine minerals. The 

fact that the serpentine-filled fractures are not axial planar to the 
folded chromite grains, suggests that some of the serpentinization 

took place after one phase of folding and possibly during metsmor- 

phism. 

Relict minerals, or cores of relict minerals with altered rims, 
are rare in the serpentinite unit, but Southwick (1970, p. 405) 

reported: "Relict olivine in the dunitic rocks is highly magnesian, 

having compositions of Foggmg2 . ..” To the southwest, in Baltimore 

Counq, Her2 (1951, p. 986) found that the relict olivine in the 
ultramafic rocks rangeo from Fo 

70 
to Fog6 (70 percent in the range 

Fo86,g0) and that orthopyroxenes in the ultramafic rocks (pyroxene- 

bearing peridotites and metapyroxenites) range from about Eng3 to 

En9o - In Harford County, Southwick (1970, p. 405) found that pyroxe- 

nites assooiated with the olivine-bearing rocks in the northwestern 
part of the complex carry orthopyroxene with a composition near En80. 

Norms from two traverses across the Baltimore Complex in Cecil County 
(table 11) suggest that the orthopyroxenes in the ultramafic rocks. are 
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probably very high in enstatite, and that the olivines are probably 
high in forsterite. Optical measurements indicate enstatite and 

forsterite values more compatible with those reported by earlier 

workers, but only a few relict grains were measured. 

Clinopyroxene appears to have been a very rare constituent of 

most of the metapyroxenites in Cecil County. However, according to 

Southwick (1970, p. 405): "Clinopyroxene, some of it zoned, forms a 

significant part of some pyroxenites and locally may be dominant." It 

is not known whether the pyroxenites he was referring to are in the 

serpenthits part of the complex or in the gebbroic part, but Herz 

(1951) reported significant amounts of clinopyroxene in rocks associ- 

ated with the "ultrsmaficg part of the complex in Baltimore County; 

this was confirmed by Hopson (1964, p. 138-139, 144). However, 

Crowley (1976) presented evidence suggesting that the ultramafic rocks 

in the main mass of the complex around Baltimore City are not part of 

the basal chromite-bearing unit, and thus not at the same strati- 

graphic horizon (or tectonostratigraphic horizon) as the serpentinite 

unit in Cecil County. 
Ucally, the serpentinite in Cecil County is cut by veins and 

veinlets of cross-fiber asbestos, which range in width from a few 

millimeters to about 1.2 P. Most of these veins strike roughly 

parallel with the predominant schistosity in the serpentinite, but the 
fact that some cut directly across it, suggests that they formed late 

in the history of the complex. The asbestos veins are best exposed in 

the barren field northwest of Conowingo Creek, at the first curve 

northwest of the creek on the road between Oakwood and Pilot. Good 

exposures are also found in drainage ditches along this same road 

going uphill to Pilot, lapham and H&ague identified these veins as 

filling two sets of fractures, and stated (1964, p. 656): 

"The northeast striking gash fractures now containing 
chrysotile are younger than antigorite veinlets with the 

same orientation, but older than a period of shearing." 
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All previous geologic maps of Cecil County (Bascon and others, 

1902; Pearre and Heyl, 1960) show a lens-shaped area of serpentinite 

extending into the northwest part of the county from Pennsylvania and 

underlying the area around St. Patricks Church (formerly called Grub 

Corner). Because no positive evidence to confirm the existence of 

this serpentinite lens, such as float, soils, outcrops, or vegetation 

differences, was found in this area, it has not been included on the 

present geologic map (pl. 1). 

Within the gabbroic part of the Baltimore Complex in Harford 

County, Southwick (1970, p. 400, fig. 2) drew a boundary between rocks 

on the northwest, where relict orthopyroxene is more magnesian than 

En60S 
and rocks to the southeast, where relict orthopyroxene is less 

magnesian then Endo. My mapping has extended this compositional 

boundary to the northeast through the thick gabbroic part of the 

complex in Cecil County, where it approximates the position of a 

contact drawn by Leonard (1901, pl. XV) between "gabbro and noryte" on 

the northwest and "dioryte" on the southeast. 

Hypersthene gabbro* is by far the most common rock type in the 

gabbroic part of the Baltimore Complex in Cecil County, although 

uralitization has been extensive and most rock types &scribed here 

are based largely on palimpsest textures, mineral forms, and relative- 

ly few unaltered or partly unaltered minerals. Although rocks classi- 

fied as augite gabbro or norite are present within the complex in 

Harford County (Southwick, 1969, p. 60), most of the gabbros contain 

approximately equal emounts of hypersthene and augite. Southwick 

(UUO-, p.. 405-407) referred to these rocks as hypersthene gabbro. In 

his description of the Baltimore Complex in Baltimore and Howard 

Counties, Hopson (1964, 'p. 142) also considered hypersthene gabbro to 

be the predominant type of rock. 

* &perstheM pabbro in the terminology of Williams (1884, 1886, 

1890), Hopson (1964), and Southwick (1970). 
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The principal minerals of the hyperothene gabbro are hyptrsthene, 

augite (commonly "diallage"), and calcic plagioclase. The least 

altered hypersthene gabbros in Cecil County have allotriomorphic or 

hypidiomorphic granular textures. My few measurements of optic angles 

of clinopyroxene agree well with Southwick's (1970). and suggest that 

the pyroxene is a normal Ca-bearing variety. This was confirmed by 

microprobe analyses (Hanan, 1976, p. 28). Some thin sections of 

hypersthene gabbro have minor amounts of brown hornblende as an 

interprecipitate mineral (Hopson, 1964, p. 146). As Hopson stated (p. 

146): 

The brown hornblende occurs as interstitial fillings 

between the peri-euhedral minerals or encloses them poiki- 

iitically. In each case, it is in sharp contact with the 

pyroxenes and has clearly grown around them. In contrast, 

the green uralitic hornblende eato into the pyroxenes 

along their margins, cleavages, and parting planes, 

gradually replacing them.' 

Olivine gabbros, for the most part completely uralitized, are 

very rare in the Cecil County part of the Baltimore Complex. Williams 

(1884, 1886, 1890). Herz (1951). and Hopson (1964) all described 

olivine gabbros in the gabbroic part of the complex in Baltimore 

County, although all stated that they are not common. 

Feldspathic "net veinsD are found In the gabbroic part of the 

Baltimore Complex in Cecil County, but most are less than a meter 

thick and are not mappable. These veins are composed of large urali- 

tized pyroxene crystals in a matrix of plagioclase crystals. I did no 

petrographic work on the veins, but Hopson (1964, p. 148) gave a 

petrographic description of the veins in Baltimore County. Both 

Hopson (1964, p. 140) and Southwick (1969, p. 61) stated that these 

veins are comon in the gabbroic part of the complex elsewhere in 

Maryland. 
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Small areas of quartz-rich granitic rocks, completely surrounded 

by gabbroic rocks of the Baltimore Complex, were mapped at several 

places in Cecil County (pl. 1). The lsrgert of the80 areas is about 

0.5 Ian east of Oakwood. Another is along the Susquehanna River about 
0-4 Inn southeast of the mouth of Conowingo Creek. Contacts between 

the granitic rocks and the gabbros are not axposed. Because of their 
weathered condition and limited exposures, the granitic rocks were not 

studied in &tail. The only good outcrop is on the east side of U.S. 

.Rte. 222 south of Old Conowingo Road. The relations between the 

granitic and gabbroic rocks and the significance of the granitic rocks 

is- unknown. The granitic rocks could be: (1) granitic intrusions into 

the Baltimore Complex, either before or after it was emplaced in its 

present position; or (2), late-stage differentiates of the complex; or 

(3). may crop out in antiformal windows through the Baltimore Complex 

thrust sheet. 

Bodies of talc schist occur at several places within the gabbro 

unit of the Baltimore Complex (pl. 1). The largest of these, about 

1.6 km long, is in the vicinity of Octoraro, on Octoraro Creek at the 

intersection of New Bridge Road and Horseshoe Road. Another is 

exposed along the Susquehanna River about 0.8 hr northwest of Pilot 

Station, where Bell Manor Road turns northeast away from the river. 

The rock in these bodies is predominately a fine-grained talc schist 

with lesser amounts of chlorite schist and shows the effects of strong 

shear deformation. Except for outcrops along stream banks, the talc 
schists are poorly exposed. 

Poorly exposed and generally deeply weathered gabbroic rocks and 

lesser amounts of serpentinite occur kn the valley of Big Elk Creek 

and its tributaries north of Elkton, in deep railroad cuts and smsll 
stream valleys near the Delaware State line northeast of Elkton, and 
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on and around Grays Hill, east of Elkton (pl. 1). An ndditional very 
small outcrop area of gabbro is present along Little Elk Creek about 4 

b northwest of Elkton. The gabbroic rocks range from extremely 

coarse-grained hypersthene metagabbro to finer grained, more equi- 

granular metagabbros. The coarse-grained rocks are found as large 
boulders in and around the small stream that runs westward from Grays 

Hill. Finer grained metagabbro blocks are found as float on Grays 

Hill and in outcrops along Big Elk Creek. Deeply weathered serpen- 

tinites crop out along with the gabbros in railroad cuts around 
'Interstate 95 and in s-11 streem valleys nearby. In this area the 

rocks are commonly covered and coated with iron silicates and have a 

"honeycomb" texture. This material ‘was mined in the area of Chestnut 

Hill and Iron Hill in Delaware. 

Mineralogically and chemically (table 11) some of the gabbroic 

rocks of the gabbro and serpentinite unit are similar to some of the 

rocks northeast of Havre de Grace, in Harford County, that Southwick 

(1969; Southwick and Owens, 1968) called "metagabbro at Aberdeen." 

Hundreds of blackish-green, fine- to medium-grained plagioclase- 
hornblende amphibolite dikes have intruded the Port Deposit Gneiss and 

some units of the James Run Formation along the Susquehanna River. 

Only the thickest dikes are shown on the geologic map (pl. 1). 

Lithologically identical sills are present in some of the bedded James 

Run rocks. Hershey (1936, p. 26-27; 1937, p. 118) counted more than 

150 of these dikes along the northeast side (Cecil County side) of the 

Susquehanna (also see Bascon, 1902. p. 97-98). As all who have 

studied these dikes have noted, they cannot be traced far from the 

river, although I found several thin, weathered ones in James Run 
rocks as far as 3.2 lan northeast of the river. 

The mafic dikes range in thickness from a few centimeters to 

about 6 m. Many have well developed fine-grained chilled margins, and 

some have relict flow structures (fig. 24). Bascom (1902, p. 97-98) 

described the location of many of the larger diker in detail, and 
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correctly called them l hornhlendic dikes." Hershey (1936, p. 26-27), 

however, stated: 'Since hornblende is always present in large amounts, 

usually (sic) over 608, these dark dikes are called hornblende lampro- 

phyres.. Southwick (1969, p. 70) followed Hershey and described the 

dikes as "lamprophyric dikes.' Both Hershey (1936, p. 26) and South- 

wick (1969, p. 70) reported orthoclase in the dikes along the Susque- 

hanna, but my sampling failed to find any potassium feldspar. Thus, 

there may be lamprophyre dikes along the Susquehanna, but most of the 

dikes are not lamprophyres, even though some are rich in hornblende 

(table 6). The mineralogy and chemical composition (table 6)-of these 

dikes indicates that they are metabasalt. They have intruded the Port 

Deposit Gneiss and part of the James Run Formation, but have been 

metamorphosed along with the intruded rocks. The chilled margins on 

some of the dikes indicate that the host rocks (including the Port 

Deposit Gneiss) were relatively cool when the dikes were intruded. 

Because of this, and because the dikes cut at least one schistosity in 

the host rocks (also see Hershey, 1936, p. 27; Harshall, 1936, p. 119; 

Southwick, 1969, p. 70). a period of lowered temperatures between 

metamorphic and deformational evento or phaser Is indicated. Thus ) 

the evidence suggests that the James Run and Port Deposit rocks were 

deformed and metamorphosed before the dikes were intruded. 

Perhaps the most significant thing about the amphibolite dikes is 

their limited dir .,lbution (also see Bascom, 1902: Hershey, 1936, p. 

26). The dikes appear to be exclusively confined to the Port Deposit 

Gneiss and the James Run Formation. No dikes of this kind are seen in 

any of the rocks northwest of Steel Island (pl. 1). This constitutes 

evidence that the Port Deposit Gneiss and some of the rocks of the 

&uue% Run Formation are allochthonous. Crowley (1976) suggested that 

the James Run rocks in Baltimore and Harford Counties are in thrust 

contact with Baltimore Complex rocks, and this was supported by the 

work of Fisher and others (1979). but the evidence from the dikes 

indicates that the Port Deposit is allochthonous with the James Run 

rocks. Moreover, because the amphibolite dikes cut schistosity in the 

Port Deposit and James Run, have chilled margins indicating that they 
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intruded relatively cool rocks, but have been metamorphosed, the Port 

Deposit and James Run rocks must already have been metamorphosed 

before they were thmst. This suggests that the Port Deposit and 

James Run are far-traveled, having been metamorphosed elsewhere, or 

perhaps even during transport. That they were metamorphosed before 

being emplaced in their present positions is also supported by the 

fact that clasts of James Run rocks in the Sykesville and Conowingo 

diamictites were already metamorphosed and deformed before being 

deposited (Fisher and others, 1979, p. 32). 

A variety of plutonic and plutonic-appearing granitic rocks crop 

out along both sides of the Susquehanna River in northeastern Maryland 

and underlie large areas of Harford and Cecil Counties. Crimsley 

(1894) named these rocks the Port Deposit Granite for exposures in the 

quarry on the east side of Uaryland Rte. 222, just north of the town 

of Port Deposit, Cecil County. At the same time, he gave the name 

Rowlandsville Granite, for the small comnunity of Rowlandsville on 

Octoraro Creek in Cecil County, to the large outcrop belt of gneissic 

rocks northwest of the his Port Deposit Granite. Bascon (1902) and 

Insley (1928) followed Grimslay. Hershey (1937) considered all the 

granitic and granitic-appearing rocks to be part of a single large 

plutonic intrusive complex, which he named the Port Deposit Granodio- 

rite complex. Southwick (1969) followed Hershey, but changed the name 

to Port Deposit Gneiss because the rocks are obviously foliated and 

metamorphosed. 

My work has shown tit much of the northwestern outcrop belt of 

granitic-appearing gneiss. which I (Higgins, 1972) informally called 

Conowingo gneiss, and now Conowlngo diamictite, is mostly metasedi- 

mentary. In addition, large parts of the southern outcrop belt of 

granitic-appearing gneisses have been found to be metavolcanic and 

netasubvolcanic rocks that belong to the James Run Formation (pl. 1). 

Most of these rocks in Harford County were originally mapped by 
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Southwick (Southwick and Owens, 1968) as Port Deposit Cneiss, but his 

later remapping (Southwick, 1979) showed us more in agreement (fig. 5) 

and also provided some new insights into the origin of some of these 

rocks. 

Coarse-vrained phase 

At its type locality, the Port Deposit Quarry, the Port Deposit 

Gneiss is a coarse-grained, thoroughly recrystallized, doubly-foli- 

ated, even-textured, plutonic-appearing rock with the mineralogical 

composition of a quartz-rich biotite granodiorlte (Hopson, 1960; 

Southwick, 1969, -1979; and table 5, this paper). Despite the thorough 

recrystallization and the lack of definitive plutonic textures in the 

Port Deposit, the uniformity and overall plutonic appearance of this 

rock have caused everyone who has studied it to conclude that it is 

plutonic in origin. I mapped this rock as the coarse-grained phase of 

the Port Deposit Gneiss (pl. 1). 

Coarse-grained Port Deposit Gneiso crops out in a northeast- 

trending belt about 2 km wide and 8 km long in Cecil County (pl. 1). 

It extends at least 12 km southwesmard into Harford County. To the 

northwest, the coarse-grained gneiss is in sharp contact with meta- 

graywacke, and the gneiss appears to be folded with the netagraywacke 

unit. Beyond its northeastern contact, small occurrences of the 

gneiss are found vithin the metagraywacke. Part of the southeastern 

contact of the coarse-grained Port Deposit Gneiss is covered by 

Coastal Plain deposits, but for about 2 h northeast and 3 lam south- 

east of these deposits, the coarse-grained phase of the gneiss is in 

gradational contact with rocks that I mapped aa fine-grained Port 

Deposit 

In thin section, the texture of the coarse-grained Port Deposit 

Gneiss is very similar to its texture in outcrop. Large ellipsoidal 

or lozenge-shaped PO& of quartz and feldepar axe outlined by biotite. 

These pods are formed by intersecting foliations. Locally, the gneiss 

has small amounts of nicrocline, chlorite, apidota, allanite, and 

garnet (Southwick, 1969, 1979; Higgins, 1972). 
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As one follows the Susquehanna River southeastward fron about the 

middle of the long, narrow tovn of Port Deposit, finer grained phases 

of Port Deposit Gnafos become mra prevalent. Where exposed in the 

southern part of the town. coarse-grained Port Deposit Gneiss, al- 

though generally not as coarse as at the type locality, is interca- 

lated with the fine-grained phase on a scale of tens of meters. Tbe 

finer grained gneisses and granofels increase in abundance and thick- 

ness through an interval of about 1.3 b, until rocks of unquestion- 

able suhvolcanic and (or> volcanic parentage are present. The latter 

have blocky relict phenocrysts of plagioclase, relict volcanic or 

PubVOlCaniC fex-ee Ln thin saction. and locally. relict pumice 

lapilli. accretionary lapilli, and amygdules. I assigned the metavol- 

canic and metasubvolcanic rocks to the James Run Formation and the 

mixed interval to the fine-grained phase of the Port Deposit Gneiss 

(pl. 1). even though sow of the finer grafnad rocks in this mixed 

interval are probably transitional between plutonic and subvolcanic. 

Some of the rocks in the fine-grained phase of the Port Deposit 

are similar to coarse-grained Port Deposit in thin section: others 

have textures similar to subvolcanic rocks like sone of those depicted 

by Cater (1969) in his description of the Cloudy Pass batholith in 

Washington state, and the subvolcanie rocks it grades into. Still 

another type of rock napped as fine-grained Port Deposit is the quarts 

augen gneiss described by Southvick (1979, p. 106). Kineralogically, 

many of the rocka in the fine-grrined phase LX= similrr to those of 

the coarse-grained phase. 

In sususary. the fine-grrinad phase of the Port Deposit Gneise is 

composed of interlayered rocks of probable plutonic and subvolcanic 

origin, and of rocks that appear to be transitional between plutonic 

and s&volcanic. These rocks are so intimately interlayered that it 

is virtually impossible to nap then separately. 

The intimate association of epironal plutons with chemically 

similar volcanic rocks of approximately the sane age has long been 

recognized in many different areaa (for example: Puller, 1925; Daly, 
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1933, p. 141-146; Buddington, 1959, p, 678, 605-694; Cater, 1969; 

Fiske and others, 1963; Hopson and others, 1966; Hamilton and Myers, 
1967; Tabor md Crowder, 1969; Athorton and Bronchloy, 1972; Myers, 

1975: Elston and others, 1975; Taylor, 1976; Bussell and others, 1976; 

Bussell and McCourt. 1977; Pitcher, 1978: Thorpe and Francis, 1979; 
Atherton and others, 1979). In fact, this associstion is so common 

that it led Hamilton and Myers (1967, p. Cl) to conclude that batho- 
liths eenersllv crystallize at relatively shallow depths, and that 

"many of them reach the surface and crystallize beneath a cover of 

their owu volcanic ejecta.' 

There are numerous descriptions in the literature of epizonal 
plutons that broke surface to feed volcanic eruptions, the products of 

&ich were generally intruded only slightly later by younger parts of 

the plut0ns. Each of these plutons has some characteristics that make 

it unique, but all the plutons have one characteristic in cormson: they 

are all closely aasocfrtsd in time and sP.cs with volcanic rocks whose 

chemical compositions either match or partially overlap those of the 
plutonic rocks. In addition. most of th. plutons shov some of the 

folloving characteristics: (1) They have some kind of finer grained 

border phase, or subvolcanic phase. representing the transition 
between plutonic and volcanic rocks. Such a border phase of subvol- 

canic rocks is well displayed in the late Cenozoic Cloudy PASS batho- 
lith in the northern Cascades of Washington State (Cater, 1969; Tabor 

and Crowder, 1969). Tabor and Crowder (1969. p. 22) stated: 

'The border complex is a broad zone of nonporphyritlc to 

highly porphyrltic andesite and &cite that occurs along 

Cl-e steep contact near Hart Leke.. Ths chilled rock in 
this zone both grades into and is intruded by the main 

p1uton:; 

(2) They have intricate dike-and-sill complexes in which the dikes and 

sills have intruded the consanguineous volcanic rocks and in turn are 
intruded by the pluton. A good example of this is the dike-and-sill 
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complex eeeocirted with the Cenosoic Tetooeh pluton in t4ount Ranier 

National Park, Washington Stats. which Fiske end others (1963, p. 48) 

&scribed ss *en unbelievably complex sssemblege of hypebyssal rocks." 
Fiske snd others (1963, p. 48-52) described the hypebyssal complexes 

as follows: 

"The Tatoosh pluton is bordered by complex swarms of 

sills and dikes, which are similer in composition to the 

rocks of the core but ere even more varied in texture. * 

. ..sill is piled on sill until 50 to 90 percent of the 

rock is intrusive. Septs of wellrock between sills are 
thin or have been so shredded ena menglea by crosscutting 

dikes end siils thet in places en Indescribable jumble of 

interpenetrating intwive roch replacae the orderly 

succession of superposed sills. e . ..luger sills are 

composite: two to five or more intrusions shere e single 
chamber. hsny of the younger sills cluster near the 

centers, or intrude along the edges of older sills: but 

some wander irregularly, breaking from one side to anoth- 

er. subdividing, or even turning ebruptly upward and 
leaving the sill chamber as dikes. * The intrusive rocks 

of the sill complexes are chiefly aphsnitic to medium- 
pained porphyriaa. ranging in composition from diorite to 

qusrtr monronite. Somewhat coarser sheetlike bodies of 
quarts aiorite, quarts monzonite, md grsnoaiorite occur 

within the tops of some of the lergar stocks end show 
features that euggost huge 'cedar-tree lrooolith' COP- 

plexas,,. These complexes appear to represent s transi- 

tion between the mein messive body of the stock end the 

surrounding complex of individuel sills sepereted by septa 

of wellrock. * The interrelations between pluton core 

snd hypebyssel sheath ere compliceted in other weys... 

The pluton core only rarely gredes upwerd end outward into 
sills; in most places it cuts them sbruptly, or is 
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separated from them by en intervening pluconic breccle 

composed of angular or rounded fragments of sill rock 
Invaded by I oo.re.r &rained matrix. - These oonteot 

relations seem to establish that the sflls are at least 

slightly older than the main mass of the pluton -- they do 
not invade the core of the pluton, and in many places the 

pluton invades them. But on the other hand, there is 

equally good evidence that the sills were intruded after 

parts of the core had already solidified; the most otrik- 
ing evidence is afforded by inclusions that are thickly 

sprinkled through mny sills and dikes. In general, the 
sill rocks have the same range in composition as the rocks 

from the main pluton and its roof zone, but they are finer 
grained and most of them are markedly porphyritlc:: 

(3) Tbc plutons locally broke through to the rurfrse to feed volcani- 

elastic eruptions, forming welded tuffs end tuff breccias that locally 
grade into highly vesicular and (or) raygdaloidel hypabyssrl rocks 

(Fuller, 1925; Fiske and others, 1963. p. 52-59); (4) In many of the 

plutons it can be shown that the upper parts crystallized beneath a 
roof composed of their own volcanic ejecta (Hamilton and Myers, 1967); 

(5) The country rocks around and above uny of the plutons show 
effects of contact metamorphism and metasomatism, and have been 

intruded by swarms of dikes that .ere late-stage differentiates of the 

pluton (Tabor and Crowder, 1969; Buddington, 1959); and (6) There is a 

tendency for the younger parts of many of the plutons to be more 
ailicic and more potassic than the older parts, the associated hyp- 

abyssal rocks, and the associated volcanic rocks (Fiske and others, 

1963; Cater, 1969; Tabor and Crowder, 1969: Atherton and others, 1979; 

Thorpe and Francis, 1979). 

Despite the fact that it has been subjected to multiple deforma- 
tion and metemorphism, the Port Deposit Gneias preserves many of the 

characteristics of an epizonal, surface-breaking pluton: (1) Radiomet- 

ric ages (Higgins and others, 1977; A.R. Sinha, oral communication, 
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1981) show that it is conremporanaous vithln experimental error with 

the metavolcanic rocks of the James Run Formation; (2) Its chemical 

composition overlaps that of some of the Jamos Run roska, but it is 

slightly richer in silica and slightly more potassic than many of the 

James Run rocks (see CEOCHEnISTRY section, and figs. 26 and 29): (3) 
It has a finer grained border phase that is probably subvolcanic and 

appears to grade into both the coarsar grained plutonic rocks and the 

volcanic rocks; (4) Some of the James Run rocks are volcaniclastic, 

probably veldad tuffs, and have broken phenocrysts like those in the 

volcaniclastic to&a associated with the Tatoosh pluton (Fiske and 

others, 1963. p. 52-59); and (5) The complex, partly volcanic, partly 
hypabyssal, partly plufonic sequence exposed in the Susquahanna River 

gorge southeast of the town of Port Deposit is probably a dike-and- 

sill complex ltka those associated vlth the Tatoosh pluton. There- 

fore, I suggest that the Port Deposit Cneiss was an epixonal, surface- 

breaking pluton that fed the oruptioos for ao~e of the James Run 

rocks. A similar origin is suggested for sow of the other plutons 

associated with the James Run Formation. 

GnefssQuGarrettu 
A quartz-rich. -hobnail-taxtured" granitic gneiss crops out over 

the southeastern two-thirds of Garrett Island in the Susquehanna River 
(pl. 1) and on the adjacent mainland of Cecil County. Rxposures are 

good along the southwestern shore of tha island, but accessability is 

limited. Southwick (1979; Southwick and Owans. 1968) considered this 

to be Port Deposit Gnelns, like that of the coarse-grained phase at 
the Port Deposit Quarry. It is strikingly similar to rocks in the 

Virginia Piedmont that Pavlides (198I) considered trondhjsmitic, but 

it also resembles soma gneisses in the James Run Formation. 

About 600 n south of Klk Rills ir a plutonfc-appearing gneiss 

<PI. 1) that I earlier (Higgins, 1973) informally called "Elkton 

gneiss, = or (Higgins and others, 1977) l gnaiss in the vicinity of 



9/19/U 52 

Elkton." Because the @-~naiss is closer to Elk lUlla, it Is here 

referred to informally es the "gnai=s near Elk Hills: The gneiss 
crops out only along Big Elk Creak and in the large quarry of D.H. 

st01ufu.s and son, Inc., on the east aide of the creek, the inter- 

fluves being covered by Coastal Plain deposits. Because of this 
Coastal Plain cover the extent of the gneiss is unknovn. 

In the Stoltzfus Quarry near Elk Hills. the rock is a homogeneous 
biotite granodiorite gneiss with a granoblastic texture. An important 

aspect of this gneiss is its close association with metsvolcanic or 
(and) aetasubvolcanic porphyritfc felsites of the James Run Formation 

that crop out along Big Elk Creek just north of Elk Mills. This 
association is probably much the same as that between the Port Deposit 

Cneiss and the James Run metavolcanic rocks. 

A biotite-plagioclrse grroiss underlies . lrrge a+oa around 

Rolling Ml1 on Big Elk Creek (pl. 1); the gneiss is well exposed 

along the creek. It generally has tiny garnets and magnetite crys- 

tals. The gneiss is everywhere in contact with James Run Formation 

metavolcanic rocks, but the contact is never exposed. The gneiss near 
Rolling nil1 is petrographically similar to the gneiss near Elk Hills, 

and It may be correlative because the two are separated only by a thin 

belt of James Run rocks. 

Several large pegmatites crop out in Cecil County, but only those 

that exceed about 7 P in width hav. been shown on the geologic map 

(Pl. 1). Host of the dikes ere weathered and cannot be traced very 

far. Some of the dikes are as much as 30 m thick (Bascom. 1902. p. 
101-103). l4ost of the dikes are composed of large crystals of nicro- 

cline, fairly large irregularly shaped quartz grains, and large books 
of Muscovite. They are most prevalent in the pelitic schist and 
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pclitic gneiss units. The locationa, thicknesses, and compositions of 
these dikes wars described in detail by Bascom (1902). Her map 
(Bascom and Killer, 1902) shove acveral pegmrtite dikes that I "as 

unable to locate. The dikes generally strike northeast. Soms of the 

thicker dikes were mined in the last century for feldspar and musco- 
vite (Singevald, 1928. p. 106-109). 

Small quartz veins, generally with tourmaline, are common in the 
rocks of Cecil County. Several large quarts veins or dikes, as much 

as 30 m thick, ara also preaent, and those more than about 7 P thick 

are shown on the geologic map (pl. 1). Host of the larger veins are 

composed of opaque, milky white quartz, but many carry small amounts 

of yellow-stained muscovIre and tourmaline. Some of the larger quartz 

veins appear to be associated vitb small shear sones. 

Several northeast-trending Iate Triassic or Early Jurasoio dikes 

of equigranular, fine-&rained. dark-grayish-black diabase are found in 

Cecil county (pl. 1). The largest of these dikes was followed for 

about 2.750 P, and passes just southeast of Colora. I was unable to 

locate several dikas mapped by Bascom (Bascom and Miller, 1902). 
The diabase dikes have ophitic textures and are composed of 

augite. labradorite. opaquss (chiefly magnetite), small amounts of 
brown biotita, and sparse accassoriea. Fisher (1964. p. 15-17) gave 

detailed petrographic descriptions of similar dikes farther southeast 
in Maryland. 

Qno Cecil County dlabasa dfka (table 7) is high in titanium and 
quartz-nonmative. It is chemically similar Lo the Nesozoic high-Tl, 

quarts-normative tholeiitic dikes of eastern North America (Weigand 

and Ragland. 1970). 

CEOCHMISTRY 
All chemical analyses made in the course of this project were 
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preformed in the laboratories of the U.S. Geological Survey at Beston, 
Virginia. Hnjor element oxides were deterxined by P. Elmore. H. 

Smith, J. Kelsey. and F. Brown, using the methods described by Shapiro 
(1975) supplemented by atomic-absorption spectronetry. Large cation 

trace elements. minor ferromagnesian elexents, and rare-earth elements 
were analyzed by L.J. Schwarz, using instrumental neutron activation 

(see Pavlides, 1981. p. A9 for details). Other elements were deter- 
mined by 1. Rait, using quantitative spectrographic analysis. Des- 

criptions of the sample locations are on open file with the Maryland 

Geological Survey. 

Jemes Run Formation and Port Deposit Gneiss 

Except for scattered axphibolites and some of the rocks in the 

'volcanic complex of Cecil County . (Karshrll. 1936, 1937). metavol- 

canic rocks were unknown in the eastern Maryland Piedmont until Hopson 

(1964) convincingly argued for a volcanic origin for e sequence of 
rocks in Baltixora City that he called the 'Baltimore paragneiss: 

All previous workers had napped these rocks as Baltimore Gneiss, and 
thus part of the -1.1 b.y. old 'basement complex: In addition to 

field evidence and the striking resemblance of these rockr to unmeta- 
morphosad volcaniclastic and epiclastic rocks in the Cascades and 

Japan, Hopson (1964) used the chexical compositions of the rocks of 
his lkltimorc paragneiss as evidence of their volcanogcnic origin. He 

compared then vith average sedimentary rocks, a series of average 

talc-alkaline lavas. altered mesine voloanic siltstones, and quartz 

keratophyres formed by alteration of volcanic ash, and concluded 

(Hopson. 1964. p. 35) that tbs parrgnaism represents .a tbiok sequenoc 
of rhyodacitic to basaltic sedixents, which may have been albitized 

prior to high-grade metamorphism: These rocks are now considered 

part of the Jaxes Run Formation (Southwick, 1969; Southwick and 

others, 1971; Higgins, 1971a, 1972; Crwley, 1976; Crowley and others, 

1976). 

Soutbvick (1969. p. 47-50. 3.4, 57-59) studied the chemical 
characteristics of the James Run Formation rocks in Harford County, 
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and a few of these rocks in Cecil County. Like Hapson (1964). he 

noted (1969, p. 47) "the large excees of Na 0 over 2 50. even in “Ary 

siliceoue rocks, and the variable emounte of CaO in the msfic layers.* 

and concurred with Hopson on the volcmogenic origin of the James Run 

Fomtion. Southwick (1969, p. 49) concluded that the James Run rocks 

had normal talc-alkaline compositiona when erupted, but were altered 

after &position either by reaction with resurgent connate water 

during dlagenesis and incipient metamorphism accompanying deep burial, 

or by direct hydration of plagioclase to calcium reolites followed by 
base urchangc with sea water. He made A point 0.f the uneven extent of 

diagenetic sodium enrichment (spilitixation), citing the variable 

ratio of Ne to Ca- in James Run aphibolitee. He further concluded 

(1969. p. 49). that adjustments in the distribution of Ca, Na. and K 

probably took place during metamorphism. but that the pre~snce of 

different plagioclana feldspars in different be& A few meters apart 

indicates that the migration of Na and Ca was sluggish, and that there 

is no evidence of large-scale metasometism of lime or alkalis during 

metamorphism. Hopson (1964, p. 32) had aarlier concluded that "The 
high-grade metamorphism of the paragneira VU evidently isochsmical." 

Hetavolcanic rocks of the Chop~wamsic Formation and of Pavlides' 

(1981) TA River Metamorphic Suite in northern Virginia have been 

tentatively correlated with the James Run Formation (Pavlldes, 1981; 
Southwick and others, 1971; Higgins, 1972). Pavlides' (1981) axten- 

sive geochemical study shows that the rocks in hia "central Virginia 
volcmic-plutonie bolt= are geochemicelly eiafler to the so&e of the 

James Run Formation. Like Southwick (1969), Pavlides (1981, p. A9) 

favored alteration as the process by which some of the Virginir rockr 
became highly sodic. He (1981. p. A!bAll) stated that the mobility of 

K20 since the rocks were erupted .is demonstrated by the marked 

reversals of K20 abundances in some of the metafelaites having about 

the SAme sio2 content: 

The major oxide compositions of rocka of the James Run Formation 
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in Cecil County (table 8) .~a oinilrr to those in Baltimore and 

Harford Counties. Host 8rct high in Na20. low in R20. and have vari- 

able CaO. Many of these rocks could be called spilites, kerrtophyres, 

snd quartz keratophyrrs. In a plot of nornetive quartr-orthoclase- 

albite + anorthite (fig. 26), most of the Jemes Run rocks plot along 
the quartz-plagioclase side of the triangle. The three rocks that 

plot slightly more toward the ortboclase apex hsve high biotite 

contents, and are thus richer in so* On this ssme plot, the Port 

Deposit Gneiss plots close to some of the more silicic James Run 
rocks, but generally slightly more tovsrd the Or apex (fig. 26). In 

figure 27, the James Run rocks, including previously published analy- 

ses from Yard (1959), Jiopson (1964). Southvick (1969). and Hi.&ns 

(1972). are compared vith sverage sedimentaxy rocks, altered marine 

volcanic racks, sverrge talc-rlkeline volcanic roc*r, and some spil- 

lites and keratophyres. Figure 28 conp.ras tha Jwr Run rocks with 

the metavolcanic rocks of Psvlides (1981) =centre1 virginir volcanic- 

plutonic belt.' The chemical similarity betveen the Virginia rocks 

and the Jamso Run rocks supports their geologic correlation. The 
Q-Or-Ab + An plots suggest thAt some of the James Run rocks were 

altered marine volcanic rocks before metamorphism, as suggested by 
Hopson (1964). Southwick (1969). and Higgins (1972). However, some of 

the James Run rocks ere almcst certainly netamcrphosed subvolcanic 

rocks, and parts of some members may be shallow wtaplutonic rocks. 

Figure 29 is a plot of nonnative orthoclase-albite-anorthite for 
J~O~CS Run falsic rocks ritb silica contents greater thsn 55 percent, 

Port Deposit Cneiss, as well as come tits fron Southwick (1979). The 
valcanic and plutonic fields on tbo dirgeem are from O'Connor (1965).. 

This figure clearly shows the gcuareny, trondhjenitic affinities of 
some parts of the Port Deposit Cneiss end some of the probable nets 

subvolcanic rocks in the James Run Formation. It also illustrates the 

range in composition of the Jsmes Run felsic rocks, from somewhat 
Or-poor dacitas to highly albitic quartz keratophyres. 

Figure 30 is an F'-R-A (F'is total iron calculated as FeO) plot 

for the James Run metavolcanic and metasubwlcanic rocks and the Port 
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Deposit Gneiss. The partial overlap in composition benreen the James 
Run rocks and the Port Deposit rocka ir evident from the plot, and 

supports the field and petrographic evidence suggesting that these 

rocks .xre genetically related. Considered M a nuitr. these rocks 

have e trend that is intcrxediate between the *Cascade trend' toward 

alkali enrichment with differentiation and the 'Skaergurd trend" 
toward extreme iron enrichment. However. the matter of paints makes 

it difficult to define an exact trend. This scatter may be due to 

differences in alteration among the samplea. 

Of critical importanoe in classifying igneous rocks and igneous 

rock suites and in making interpretationa about their origins based on 

chemical compositions. and particularly on major element compositions, 

are the types and degrees of alteration that have affected the rocke 
since eruption. &position. or SIRplacement. Alteration processes can 

be generally divided into premetemorphic. metamorphic. and postaete- 

morphic. but there procroors exe commonly gredetiornl from one cafe- 

gory to another. 

Some of the prenetamorphic processes that altar igneous rocks are 

&vitrification. deuteric alteration, dirgeneaia (including diagenetic 

zeolitixation). weathering, hydrothermal alteration, hydrolysis, and 
halmyrolsis. These processes merge into low-grade metamorphic pro- 

ces.ees that include burial diagenesis, burial metamorphism, and 

mtasomatism, which, in turn merge into higher grades of regional 

metamorphism and metasomatism. Postmetamorphic processes that alter 
the rocks include hydrothermal alteration, weathering. and chemical 

exchange wfth ground water. Most igneous rocks have been subjected to 
more than one of those alteration procesaer. 

Types and degrees of alteration are controlled by rock type and 
geologic environment. Specifically, alter&ion is controlled by such 

factors as grain size, texture, ninaral composition, ti. probably 

most important, p6rmeability. Plutonic rocka are gsnerrlly less 

snsceptible to alteration than volcanic rocke , particularly 
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volfaniclrstic rocks. Bscruas volcanic rocks *i-e srupcw.l Lmxl aLr or 

water. they begin being altered almost as soon as they leave the vent. 
Valcaniclastic rocks arc by far th. moot readily and commonly altered 

igneous material, whether they are erupted subaerially or subaque- 

--lY 3 and whather mafic or fclsic. Volcanic glass is extremely 

susceptible to &vitrification, palagonitization, and zeolitfration, 

subaerially, subaqueously, or with shallow burial (Brsmlette and 

Posnjsk, 1933; Ames and others, 19.58; Deffeyes, 1959; Mumpton, 1960. 

1977; Dickinson, 1962a. 1962b; Ray, 1962. 1963, 1966. 1977; Brown and 
Thayer. 1963; Fiske and others, 1963; Van Houten, 1964; Sheppard and 

Gude, 1965, 1968. 1973; Home, 1968; Ray and Iijima, 1968; Surdam and 
Hall. 1968; Smith. 1968. 1969; Utada. 1971; Surdsm. 1973. 1977; Hurata 

and Whiteley. 1973; Galloway. 1974; Stewart, 1974; Walton, 1975; Boles 

and Coombs, 1975, 1977; Boles, 1977; Hay and Sheppard, 1977). Thick 

accumulations of altered (seolitised, palagonftised, albitized) marine 

volcanic and volcaniclastic rocks are prement in Japan (Sudo, 1950; 

Metsudo and Riauno. 1955; Fiske and Hatsude, 1964; Utada, 1970, 1971: 

Iijias and Utada, 1972). in New Zealand (Coombs. 1954: Caombs and 

others, 1959; Boles, 1971. 1974; Boles and Coombs, 1975, 1977). in 

eastern Australia (Smith, 1968, 1969), in the Indonesian region 
(Ranilton, 1979, and references therein), in Puerto Xlco (Christmen, 

1953; Otalora. 1961; Glevar, 1971), in the Vlrgln Islands (Donnally, 

1959a. 1959b. 1963, 1966), in the vestarn United States (Wells and 

Waters, 1935; Warren and others, 1945; Watars, 1955; Dickinson, 1962a. 
1962b; Fiska, 1963; Bemilton, 1963; Fiske and others, 1963; Brown and 

Ibayer, 1963; Snavaly and Wagner, 1964; Peck snd others, 1964: Snavely 
and others, 1968), In western Canads (Carlisle. 1963; Surdam. 1973). 

and in the Aleutian Islands (Hamilton, 1963, and references therein). 

The volcanic and volcaniclastic rocks of the James Run Formation 

are Very similar lithologically and chemically to these altered marine 
volcanogenic rocks, even though the James Run rocks have been metamor- 

phosed to amphibolite faciaa grades of regional wtsmorohism and 

mrltiply deformed. So, in spite of tha fact that caution must be 
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exercised when interpreting chemlcel enelyees of eltered end q etamor- 

phosed rocks, chemicel compositiona ten be used in e qualitative wey 

to help decipher rock origins. It **ema feirly cortein that ths James 

Run Formation rocks are mostly metemorphosed altered merino volcanic 

end volceniclestic rocks, es proposed by Hopson (1964) end Southwick 

(1969). 
I agree with Hopson (1964, p. 32) end Southwick (1969. p. 49). 

that the regionel metamorphism of the Jemes Run Formetion was essen- 

tially isochemicel. This is supported, es Southwick noted (1969, p. 

49), by the presence of relict plegioclese phenocrysts of different 

compositions in closely spaced semples, end also by the fact that most 

of the James Run rocks plot identically with unmetemorphosed (though 

altered) submerine volcenic end volceniclestic rocks (fig. 27). 
Retios of Ne20 to CeO in the James Run rocks (fig. 31) ere variable, 

AS Southwick's (1969) limited number of enelyscs suggested. Much more 
hptcrsivc, however, are tha axtreawly vrrfebla NI 0 

2 
to K 0 2 ratios 

(fig. 32); these ratios very es much es 60 to 1 for rocks with essen- 

tially the same silica content*. On varirtion dingra (fig. 33). 

oxides of the Jemes Run to&e form relatively broad cones cheracter- 

istic of altered submerine volcenogenic suites (Hamilton. 1963. p. 
70-71), but in contrest to the nerrow cones of most subaerial volcanic 

suites. In the Jemes Run rocks, CeO ranges domerd from e maximum 
about equal to the normel emount in celc-elkellne rocks, end Nap0 

varies upward from a minimum about equel to the normal amount in 
celc-alkaline roclu. This too la cherecterietic of most altered 

submarine volcanogenie sequencer (Hemilton, 1963). 
The erratic verietione in the chemicel compositione of the James 

Run Formation rocks are characteristic features of the "spillte- 

keretophyre esmocietion' of Turner and Verhoogen (1960), or the 

"endesite-keretophyre association of Hemilton (19631, in which 

keretophyre. quartz keretophyre. end spflite l re intrrceletcd with 

celc-alkaline en&site, &cite, rhyodecite, end beselt, with trondh- 
jemite e common plutonic rock type, The origin of the sodic rocks has 
been a source of controversy for many years - reviews end summaries 
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xv-r. gfvrn by Cilluly (1935). Eekola (h Barth md others, 1939). 
Turner and Verhoogan (1960). and Hamilton (1963). h kilton (1963, 

p. 68) stated: 

"Current theories explain these sodic rocks variously as 
formed from primary mdic magmaa or from talc-alkaline 

rocks altered by sodium added from maptic. geosynclinal, 
or sea water sources." 

The problem are a‘ follows: (1) In most sequences, normal 

talc-alkaline roclcs are intercalated vith the rodic rocks, precluding 
theories of wholesale altoration of the encira volcuric pile by any 

method. Therefore, either the sodic rocka originated from sodic 
magmns erupted along with, er alternating with. normal crls-alkaline 

=P=* or parts of a talc-alkaline volcanic pile had to be selective- 

ly altered by enrichment in Na and depletion in Ca and K: (2) If the 

sodic rocka originated ae sodic magmaa, uhet ie the origin of such 

m*gmas . and how could such magma and normal talc-alkaline magums have 
been erupted at virtually the same time and place?: (3) In this same 

context, what is the origin of the trondhjemitic plutonic rocks that 
are commonly associated with the eequencas of eodic and talc-alkaline 

volcanic rocka, and what relation do these plutonic rocke have to the 
volcanic rocks?: (4) If, on the other hand, the oodic rocks were 

derived by selective alteration, what factors controlled the selectfv- 
iq, end whet vu the mechanism of AlCeretion?; ana (5) If the sodic 

rocks were derived by elteretion of talc-alkaline roclu. what was the 
medim for such alteration? Wea it from . megmatic sc.urc~, or by 

fluids expelled from older roclcs being metamorphosed beneath the 

volcanic pile, or ua.e it by interaction with eea water. either cnntcm- 

poraneously vith eruption or after eruption? 

Waters (1955, p. 707) noted that some dolerite sills, dikes, end 
subaerial flows in the Olympic Mountains and Oregon Coast Ranges are 

as thoroughly albitized as the pillowed flove, and that some thick 

masses of pillow laws show little or no albitization. Following 
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Gilluly (1935) he proposed (1955, p. 707) that: 

61 

'...thc alteration of the lame to 'spilites' and green- 
stones, and the simultmeoue albitizrtion, silicification. 
and chloritization of the underlying sediments and intru- 

sive bodies have been produced by weter, alkalis, silica, 

and other easily removable constituents staved from the 

slowly metamorphosing root of geosynclinal sediments as it 

was dowobuckled to form a tectogene. Fluids expelled from 

this metamorphosing-root rose along soues of mechanical 

deformation altering the overlying volcanics and sedimen- 
tary rocks: 

Hamilton (1963, p. 72-74). on the other hand. emphasized the 
differences between what he called 'the uncommon 'keratophyre'" in 

subaerial sequences and what he considered true keratophyres of 

island-arc sequences. He stated (1963. p. 73): 

"The distinctive oonpositious of opilitt and kerato- 

phyre must be due to postmagmatic processes, and these 

processes seem somehow connected to the submarine enviran- 
merit in which these rocks almost exclusively occur. That 

diabase sills and other rocks intruded within the sequenc- 

es are also albitised shows that tbe changes are not 

restricted to rocks that formed in direct contact with sea 
water. l 

Hamilton (1963) presented fairly conclusive evidence that: (1) all 

known rocks that should properly be called spilites and keratophyres 
were either erupted under 8e.e water, or flowed into sea vater, or were 

covered by sea water after eruption or deposition; (2) the sodic rocks 

vere erupted as crlc-alkaline magmaa aud the albitioed rocke eve their 

distinctive character to post-eruptive transformstions: (3) (p. 73) 

'the sodium was introduced. and calcium removed, by the sea water in 

some sort of diagenetic process:; and (4) mineralogic capture of sea 
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water sodium is the most likely process. Hamilton (1963, p. 73-74) 

concludad: 

-If bases in the volcanic rocks -- and particularly in the 

porous and already partly water-laid cuffs -- could be 

exchanged for bases in circulating vater and the capture 
thus be diagenetic. the auhrequcnt albitisation could be 
explained easily.' 

He proposed that zaolitization is the process by which this is accom- 

plished. 
The past 20 years have seen tremendous advances-in our knowledge 

of xeolites. their mineralogy, chemistry, processes of formation. and 
their remarkable chemical-exchange capabilities. Hamilton (1963, p. 

74) probably guessed right about seolites being the chief culprits in 
the alteration processes chrc ultimately produce spilites and kerato- 

phy-res. Nevertheless, xeolitization is an extremely complex process 
and cormmnly P multiphase process in which first-formed zsolites are 

replaced by other xeolitas, and so on, with changing diagenetic or 

low-grade metsmorphic conditions. 
In most volcanic rocks, and especially in volcaniclastic rocks, 

the first part of the rock to be affected by reolitization is glass. 
which is rapidly transformed into (or replaced by) heulandite or (and) 

anslcime (Gulbandsen and Cressman. 1960; Fiske and others, 1963; 
Hamilton, 1963; Bolas, 1977. and references therein). With the 

increasing temperatures and pressures of burial, heulandite is con- 
verted to laumoneita and analcims. Then, Ca-plagioclase is converted 

partly to laumontite and albits. and then laumontite to pumpellyte and 

phrenice. which are finally converted to albite along with analcime, 

which goes to albite and quartx (see Boles, 1977, p. 127). This is 

simplistic. end many other minerals (and other zeolites) may be 

involved, depending upon rock type, geologic environment. and other 

factors, but it probably represents a general case in the complex 

transformation from talc-alkaline to sodic volcanic rocks, and could 
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account for the gradual change from 'normal" compositions to spilitic 

and keratophyric compositions. 
Still I problem is the rpprrent seleotlvity of the chemical 

trsnsformations from nornal talc-•lkeline rocks to sodic rocks. EVSll 

if Hamilton (1963) vas right in his conclusion thet subaerial rocks 
were unaffected by these transformations, va must atfll account for 
the fact that within the submarine volcsnogenic sequences are "rocks 

thst belong to both cslc-alkaline and elbitired series (Hamilton, 

1963, p. 71): How then, can we account for the selective alteration 

of rocks within the submerine piles? This question must inevitibly 

lead to its companion question shout the origin of the trondhjemitic 

'plutonlc' rocks within the sequences and how these sodic rocks relate 

to the sodic volcanic rocks. 
Perhaps et least pert of the enswer to the questions lies in the 

recognition of subvolcenic rocks end shallw hypabyssal .plutonic" 

racks. Although the pioneering works of Puller (1925) end Buddington 

(1959) had forseen the existence end importance of these classes of 
rocks, it was not until the 1960'e tbet their vi&spread eccurre~~se 

and importance became apparent. 

In figure 32, which is one of the plots thet is most demonstra- 

tive of sodic alteration, rocks thet shw clear lithologfc end petro- 

graphic evidence of volcaniclastic origin (symbols with large circle) 
have much higher Na20/K20 values for rocks in the seme silica range 

than rocks that have lithologic end petrogrsphic characteristics of 

flows or subvolcanic parentage (rymbols vith large triangle): many of 

the other chemical plots also show this difference. This is e strong 
indication thet premetamorphic alteration of the James Run volcano- 

genie rocks was largely dependent upon porositg and permeability, so 

that volceniclastic rooks were preferentielly rltered ovu subvolcanic 

and plutonic rocks. Notable is the fact that one of the Port Deposit 

Gneiss se&es (arrovs point to Port Deposit fine-Brained phase 

samples), which I consider subvolcanic and Southwick (1979) considered 

probably a trondhjemite, could be just a somewhat altered talc-alkP- 
line rock. Ihfs is supported by the fact that the "typical" plutonic 
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Port Deposit samples plot close to normal celc-elkeline granodioricer 

in figures 26 end 29. 

It 8eem.9 fncongnwus to postulate primary sodic me- to form 

plutonic trondhjenites in volcanogenic eequencer that ahov evidence of 

secondary sodic elteretion, erpecielly where there is also evidence 

that the volcanogenic rock# ere genetically releted to the plutonic 

rocks. It sesme Mr. rrroonable to .ug*.*r that "trondhjemiter" 

intimately associated with approximately contemporaneous volcenogenic 

rocks that have been altered and enriched in so& mey owe their 

"trondhjemitic" compositions to the same processes that eltered the 

volcenogenic rocks. I suggest that thie is the case for the James Run 

Fonaetion wtevolcanfc rocks end the fine- to medium-greined, probably 

subvolcanic end hypebyssel. plutonic rocks. 

Despite the obvious limitations imposed by possible alteration 

and by metemorphism on using geochemistry to decipher the origins, and 

particulerly the origfnel tectonomagmetic setting, of the James Run 

Formation rocks, and the general objection to comparing metemorphosed 

rocks with unmetemorphosed rocka. it ie generally accepted that some 

of the more imwbile major end trace elements, and aspectally the 

rare-earth elements (REE), are useful to some extent for these pur- 

poses. Host of the geochemfcel schemee for determining the original 

tectonomagmatic setting of igneous rock suites are based on mafic 

rocks, chiefly beselts. Tbua. the generelly well-exposed, unveath- 

sred, metamorphosed pillow Levis and amygdeloidal emphibolites of the 

Gilpins Fells Member of tbs Jemea Run Formation era perhaps es well 

suited fri~ application of these geochemic~l schemes aa any rocks in 

the central Appalrchien Piedmont. 

Comparison of the trace-element dete in Teble 9 shows that the 

Gilpins Fella metebeselta (CPM) and en emphibolite from the Big Elk 

Creek Member of the James Run Formation are exceptionelly rich in Ni 

and Cr relative to beselts end metemorphosed besaltr from A variety of 

tectonomegmatic settings. and to the average abundences in tholeiitic 
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bnerlts given by Prinz (1967; table 10). However, the abundance of Co 

in the CFM is slightly lover than that in many of the rocks in table 

10 and slightly below the average ebundmce in cholciitis besalts 
(Prinz, 1967), and the abundance of Cu in the GFX is significantly 

lower than that in most of the rocks in table 10 and the average 

abundnnce in tholeiitic basalts. In sddition, the GFM are somewhat 

enriched in vansdiun. The GR4 are close to the Chopawamric meta- 
basalt8 in abundances of Zr. SC, Hf. Th, Co. and Zn, but greatly 

exceed the Chopawamsic rocks in Ni and Cr. Overall, except for the 

Chopavsmsic metabasalts, the traCe-element abundances of the GFM 

appear closest to those of the tholeiitic basalt8 (low-K tholeiites) 
of tie island arc series (table 10; Pearce and Cann. 1973). 

The low abundance levels of Co and Zn and the very high abundance 
levels of Ni. Cr. and V in the GIW are pecrologically signfficant. 

copper. although known to be mobile in many cases (David Gottfried, 
witten communication. 1982). ir lov in the GEM. copper is generally 

enriched in the residual liquids during differentiation of basaltic 

nagxna until imniscible sulfides rich in Cu appear. at whkh point P 
severe decrease in Cu occurs (Wager and Nitchell, 1951; McDougall and 

Lovering, 1963; McDougall, 1964; Walker, 1969; Greenland and Lovering. 

1966; Paster and others, 1974: Gottfriad and others, 1977). Fleischer 

(1968) shoved that the Ni/Co ratios in tholaiitic diabase-granophyre 

suites decrease systematically from -3 to <l during differentiation, 

and are useful as an index of fractionation, and Paster and others 
(1974) showed that Ni and Cr ere successfully removed from the liquid 

in a crystallizing basaltic magma by the early cumulus minerals. In 

the the G?ZM, much of the chromium was probably retwaved by chrome 

spinel and (or) chromite, Gmm (1971). Henderson and Dale (1969\- 

1970). and Paster and others (1974) found thrt the veluoe fur the 

distribution coefficients for Go and Zn entering olivine are greater 

than unity, and that the values for Co entering clinopyroxene also 

exceed unity. However, Paster and otbera (1974) found that the 

agreement between the predicted concentrations based on the distribu- 
tion coefficients and the observed concentrations of these elements is 
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poor. urd thrt Liqufd in middle stases of cayatrlliratlon had higher 

concentrations then original liquid or cumulw stages. At any rate. 

Co, 2~. Cu. Ni. and Cr @peer to be useful II qualitative indices of 

fractionation. All these ralatlons and the elemental abundances in 

the CFH suggest that the GFX are primitive and poorly fractionated, 
and possibly represent part of the cumulus stage of crystallization. 

This is supported by the HgO contents of amygdaloidal smphibolites and 
interiors of pillows in the CFH which average 9.9 percent and range 

from 6.1 to 13.9 percent HgO (table 8); these values are significantly 

higher than for most basalts and metabasalts. 

Rare-earth element (REE) abundances for 12 samples of the GFW are 
givun in teble 9. The lack of significant differences in abundances 

of RE!Z between samples of interiors of pillows and pillow rims sup- 
gcsts that neither any possible rltaration nor the raphibolfte grade 

metamorphism of these rocks caused any appreciable changes in the 

abundances or distribution of the REE. Chonclritr-normalized (Waskin 

and others, 1968) REE pattarns for the CF!4 (fig. 34) show slight 

enrichment of the light REE (La-!%) relative to the heavy P.XE (Cd-k): 
slight Tb enrichment in four of the samples is probably an analytical 

problem. Figure 35 shows the average (mean) chondrite-normalized 

pattern and tha field (ranga) of the ClX. Figure 36 compares the 

avarage REE pattern of the GlW with the average patterns of oceanic- 
ridge tholelitic basalts. Charlaston corehole baaalts. and basalts 

from the Mesozoic eastern North America (ENA) tholeiitic province. 

The fact that rha lighr-KBE dapletad pattern of the oceanic-ridge 

tholeiitic basalts is in contrast to the alightly light-REE enriched 

md markedly heavy-REB depleted pattern of the GFH supports the 

trace-element data described earlier, which suggest that the GFIf are 

probably not normal acaan-floor basalta that originated in an 

oceanic-ridge systam. By the same token, the pattern of the GE?4 does 

not match the more light-SEE enriched, less heavy-RgE depleted pat- 
terns of the E?IA quartz-normative dolerites, although the pattern of 

ths GFI4 is somewhat similar to the pattern of the primitive ENA 

olivine-normative diabases. 
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Figures 37-46 compare the average pattern and field of the GFH 

vitb those of the Cbompawamsic metabasaltr (Pavlfdes, 1981), the Ta 

Rfver amphibolitre (Pavlidca, 1981), island arc tbolelltes (Jakes and 

Gill, 1970). interarc basin basalts from the Lu Basin (Gill, 1976). 

basalt6 from the FAMOUS area (White and Bryan, 1977), RRA olivine- 

normative tholeiitic diabases (Ragland and others, 1971). tholeiites 

from the Othris (Greece) ophiolite complex (Hensice. 1976). end 

Archean komatiites from Ontario, Canade (Artb and others, 1977). The 

Chopavamsic netabasalts and the Ta River amphibolites are approximate- 

ly along strike from the CFM to the southwest in Virginia, and the 

Chopawsmsic Formation bas been correlated with the James Run Formation 

on geologic grounds (Southwick and others, 1971; Higgins. 1972; 

Pavlides. 1976, 1980, 1981). The other rock suites were chosen either 

because they erc from tectonic settings that night be similar to the 

original tectonic setting of the GFH or because they have RRE patterns 

in some way similar to those of the GEW. The fields for the CFM and 

the Chopawamsic metabasalts (fig. 37) overlap for the lighter RRE from 

Ls through Nd. but from Nd through Lo the GP?l rre more strongly 

depleted. Tbe Cbopavamsic metabasalts also have a slight. but consis- 

tent, Sm enrichment that is not s*en in the GFM patterns. There is 

much less overlap between the CR4 and that Ta River amphibolftes (fig. 

38), but some of the Ta River data may be analytically poor (David 

Gottfried, written comication, 1982). The average RRE pattern of 

the GEM lies almost completely within tbe broad field of island arc 

tboleiitss (fig. 39), but tha field of the GFM and the average GFR 

pattern compared with the average island arc tholeifte pattern, 

indicate greeter depletion in the heavier REE in the GlX The average 

pP+tern of fnterarc basin basalt8 has a similar trend to the GFM 

trend, but is slightly more light RRE umiched and markedly less heavy 

RRE depleted than the GFl4 field (fig. 40). TUB basalts from the 

FAMOUS area have about tbe same light RRR enrichrent as the GR4 (fig. 

41). but are markedly less depleted in heavy RElZ. The ENA olivine- 

normative tholeiitic diabases are lasr enriched in light RRE than the 

GlW (fig. 42), but less depleted in heavy REB. Tboleiftes from the 
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Othris ophiolite complex define a REP field siu.ilrr to that of the GFM 

(fig. 43), but the field is based on sparse data. Archean komatiites 

are slightly less light REE enriched than the CFM and are slightly 

less depleted in heavy REE than the GM (fig. 44). 

The most striking features of the REE in the CFI4 are the low- 

level abundances (table 9) rind the depletion in heavy RRE (figs. 34 

amd 35). These features can be accounted for if the GFR ma- were 
primitive and associated with a cumulus phase of crystallization, as 

suggested by the major and trace elements. Studies of REE in ultra- 
mafic rocks from ophiolite ,complexes and *alpine' ultramafic bodies 

(Frey and others, 1971; Henries and othera, 1975; Mensies. 1976) and 
layered mafic intrusions (Frey and oth.SrS. 1971) show that these rocks 

are strongly depleted in REE relative to basalts. In Figure 45. REE 
petterrrp of some representative ultramafic rocks and metamorphosed 

mafic rocks froa the Soapstone Ridge Complex, Atlanta, Georgia 

(Higgins and others, 1980) are compared with the average F’.EE pattern 
and field for the GRI. !4ost of the ultramafic rocks are probably 

cumulates. The metamafic rocks of the Soapstone Ridge Complex are 

probably part of an ophiolita. There is an or&r of magnitude differ- 

ence in abundance levels betveen the ultrsrnafic rocks (fig. 45) and 
the GFH. but the trends of the patterns are sinilar. Menzies (1976, 

p. 649 stated: 

'If a chondritic relative REE distribution is assumed for 
thr, parent, conventionel ideas on R&J2 distribution and 

partitioning imply that refractory peridotites are heavily 
depleted in ICGE because light REF. .re serongly partitioned 

fnto the liquid (Schillfng, 1971): 

The RRE depletion that ih generally associated vith cumulates can be 

used to infer that the slightly depleted REE patterns of the GFI4 may 
result from their having crystallized during a late-stage cumulus 

PhS~. The similarity (fig. 43) between the REE patterns of the GM 

and those of 'ophiolitic basalts' (Henries, 1976) suggests that the 
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DEW may be ophiolitic. In this regard. it im intercsring to compare 

the REE pattern of the GFM with those of metatroctolites and meta- 

gabbras from the Soapstone Ridge Camplax (fig. IrS). The Soapstone 

Ridga metamorphosed mafic rocks are enriched in light RJX to about the 

same extant as the CFM, but they are much more strongly depleted in 

heavy RRE. plotting betveen the CFM and the ultramafic rocks. These 

relations would seem to support Menales' (1976) and Schilling's (1971) 

model of light REE enrichment through partitioning into the liquid, 

while leaving the heavy REE depleted. The ophiolite with which the 

GFI4 is associated would be the Baltimore Complex (Crowley. 1976; 

Morgan. 1977). 

The original tsctonomagmatic setting of mafic volcanic rocks is 

based on the relative motions of lithospheric plates. Therefore, 

these rocks are broadly divided into thrsr categories (Pearce and 

Cann, 1973): (1) ocean-floor basalt8 formed at diverging plate mar- 

gins: (2) lov-R tholeiites and talc-alkaline basalt6 of the island arc 

series formed at converging plate margins; and (3) intraplate oceanic 

island and continental basalt8 formed within oceanic crust or within 

continental crust. Elamtnts comonly used to distinguish these 

categories are Ti, Zr, Y, Nb, P. K, and Sr (Paarcq and Cann. 1973: 

Floyd and Winchester. 1975; Winchester and Floyd, 1976, Pearce and 

others, 1975). The discrimination diagrams most widaly used for 

unaltered, unmetamorphosad volcanic rock aro the Ti-Zr, Ti-Zr-Y, and 

Ti-Zr-Sr diagrams of Pearce and Cann (1973). Despite the fact that 

these diagrams were originally devised to distinguish the tectonic 

settings of unaltered, unwtamorphosad rocks, many workers have used 

them to investigate past environments of metamorphosed mafic rocks 

(for example: Pearce and Cann, 1971; Bickle and Nisbet, 1972; Seidel, 

1974; Pearce, 1975; Smeving and others, 1975; Ray and Senechal. 1976; 

l4enzies, 1976; Aleinikoff, 1977; Tull and others, 1978; Wrucke and 

others, 1978). 



g/19/86 70 

on Ti-Zr and Tl-Zr-Sr diagrams (flgr. 46 and 47), the fact that 

the GM plot in both the low-ootassim m w ef a u 

m series field and the sale-al- k&g& pf & j&&k! - a 

field lends support to the field evidence and other geochemical 

evidence suggesting that the James Run wtavolcanic rocks formed in an 

island arc. Caution must be exercised in using these diagrams, 

however. because: (1) While Ti and Zr are generally thought to be 

relatively immobile during alteration and metamorphism (Cann. 1970; 

Pearce and Cann, 1971, 1973; Pearce and others, 1975; Floyd and 

Winchester, 1975; Winchester and Floyd, 1976; Gottfried and others, 

1977). Sr is generally considered mobile (Philpotts and others, 1969; 
Hart, 1971; Pearce and Cann, 1973; Hart and others, 1974; Gottfried 

and others, 1977): and, (2) Gottfried and others (1977) have shown 

that the diagrams may be inappropriate for identification of the 

tectonomagmatic setting of some rock types. They stated (Gottfried 

and ocbcrs. 1977, P. 110): 

” . ..~.a single group or pair of geachemicrlly associated 

elements could be uaed alone for distinguishing magma type 

and tectonic setting of the corehola basalts from basalts 
of all of the contrasting tectonic envirionments consid- 

ered. Thir emphasizes the importance of using trace 
elements of widely different chemical properties and sizes 

for discrimination purposes.. 

The consistency of all the geochemical data from the James Run Forma- 

tion rocks that suggests that these rocks originally formed in an 

island-arc setting. 

Baltimore Complax 
The geochemistry of the Baltimore Complex has bean studied by 

Herz (1951), Thayar (1960), Southwick (1969, 1970). and Hanan (1976). 

These workers all emphasized the differentiation trend toward iron 
enrichment shown on F'-I-A diagrams for suites of rocks from the 
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complex. However. both Southwick (1970) and Hanan (1976) recognized 

possible problems due to changes in the hgC/FeO ratios caused by 

alteration and metamorphism. Hanan (1976) also studied the Sr isotope 

geochemistry of the complex and concluded that greater equilibration 

through exchange with the "country rocks" during metamorphism had 
occurred in the vicinity of the Susquehanna River than in the vicinity 

of Baltimore. He attributed the difference to the greater water 
content of the metasedimentary rocks in contact with the complex along 

the Susquehanna, as opposed to the "dry" Baltimore Cneiss near the 

complex in the Baltimore area. 

Major oxide analyses of Baltimore Complex rocks from Cecil County 
are given in table 11; many of these analyses were also used by Hanan 

(1976). On an P-g-A diagram (fig. 48), moat of these analyses plot 
along the F'-H side of the triangle, vith a trend toward iron enrich- 

mat. However, several of the analyses plot farther toward the F'-A 

side of the triangle, and could be construed as marking the beginning 
of a trend "turning the corners toward the alkali apex. Some of the 

analyses plot closer to the H apex of the triangle than previously 
known for the complex (compare with Southwick. 1970. p. 410). As 

noted by Southwick (1970). the scatter of points on the F'-M-A diagram 
suggests the possibility of changes in the ratios dua to alteration 

and (or) metamorphism. 
In figure 49, the James Run metavolcanogenic rocks are plotted 

along with the Baltimore Complex rocks, including eight analyses of 
Baltimore Complex rocks from Southwick (197D, p. 412). Southwick's 
analyses 9-12 ('quartz-bearing metagabbro" and 'dark quartz diorites') 

are not plotted in figure A9 hacrrrsa these rocks are now considered to 

belong to the mafic sane of the Conowingo diamictite. Analysis 8 of 

Southwick (1970. p. 412), shown by a separate symbol, may also be from 
the mafic zone near Rising Sun. Deletion of these analyses of proba- 

ble metasedimentary rocks lowers the trend toward iron enrichment 
noted by previous workers. However, the points show so wch scatter 
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(fig. 49) that m average trend Is difficult to dlscsrn and may be 

meaningless because of alteration and (or) metamorphism. The overlap 
between the Baltimore Complex analyses and the analyses of mafic rocks 

from the James Run Formation on tbe F’-l4-A diagram is evident, but the 

scatter of points in the ares of the overlap is so great that the 
overlap may not be significant. 

In figure 49, the James Run and Baltimore Complex analyses are 

compared with several well-known differentiation trends. If the point 

scatter is ignored, and if the James Run rocks and the Baltimore 

Complex are genetically related,ihe differentiation trend would start 

with highly magnerian rocks, trend toward moderate iron enrichment, 
like slightly iron-enriched allclli-poor tholeiitas, and end with a 

trend similar to the Hawaiian alkali series or the Cascade lavas. 
Both Crowley (1976) and Horgan (1977) interpreted the Baltimore 

Complex as at least a partial ophiolite. In figure 50 the James Run 
and Baltimore Com$ax field from figure 49 is compared with suites of 

analyses from three well-known ophiolite complexes. Tbere is consid- 

erable overlap between the ophialitc suites and the Japas Run end 

Baltimore Complex field, but there is also a considerable scatter of 

points. Nevertheless, the fact that the three ophiolite suites are 

altered and metsmorphossd (Uoores and Vine. 1971; Montigny and others, 

1973; Ifendas. 1976) lends some credence to the comparison. 
Perhaps the most important geochemical factors tying the James 

Run metavolcanic rocka genetically to the Baltimore Complex are the 

high Cr abundanoes in the James Run mafic rocks (table 9) and some of 

the rocks of the complex (Johannsen. 1928: Singewald, 1928; Rnopf and 

Jonas, 1929, p. 120; Southwick. 1970. p. 412). Dlssaminated and 

massive chromite daposita have long been lmoun fn the basal ultramafic 

pert of the complex (Joh-an, 1928; Singerald, 1926; Mathews and 

Watson, 1929; Pearre and Heyl, 1960). Nickel and vanadium are also in 

high abundance in some of the Baltimore Complex rocks (Johannsan, 
1928; Southwick, 1970, p. 412) as they are in the James Run mafic 

rocks (table 9). Unfortunately, no rare-earth element data are 

available from the Raltimore Complex rocks. 
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although all the available geochemicrl data suggcsr that tzhe 

mafic rocks of the James Run Formation are genetically linked to the 

Baltimore Complex, en apparent gaochemical problaa fe also associated 

with the hypothesis of e genetic reletian betveen these rocks. The 

problem is the great volume of felsic end siliceous rocks in the James 

RUlL I estimete that felsic end siliceous rocks m&a up at least 70 

percent of the James Run Formation, taken es l whole throughout 

Xarylend and Delaware, not even including hypebyssal plutons. If the 

Baltimore Complex is interpreted to be m abducted slab of ancient 
ocean floor (oceanic crust and mantle), as Inferred by Crowley (1976. 

p. 32-33). then the great volume of felsic end siliceous rocks in the 

Jane0 Run is anomalous. noreover, abundant date indicates that some 

of the felsic rocks in the Jaws Run were empleced in relatively 

shallow water. and some of tbs more massive faleic rock may even have 

been subaerial flovs end subaerial pyroclestic deposits. This is 
incompatible vLth my hypothesis raqufring both that the James Run 

rocks and the Baltiaore Complex ue ganeticrlly related and that the 

Baltimore Complex is abducted oceen floor. There is en alternative. 
however. All available evidence indicates that the James Run rocks 

were part of en island arc. and while there is good evidence that the 
Baltimore Complex was emplaced by thrusting (Crowley, 1976: Morgan. 

1977; Fisher end others, 1979; Drake and Morgan, 19gl), there is no 
real evidence that the complex wu once oceanic cruet. It may have 

been a pluton that wea the remnent of the magma that produced the 

James Run volsmic rocks, or a piece of back-arc basin crust derived 
from the seme megnu thet produced the volcanic rocks. 

The results of structural studies of the northarotem Maryland 
Piedmont end edjacent arees in southeastern Pennsylvanie have beau 

published by Cloos end Hershey (1936). Jones (1937), Freedmau and 
others (1964). Laphem end M&ague (1964), Southvick (1969), Higgins 

(1973). end Amente (1974). All these studies documented multiole 
deform&ion in this area. The reader is referred to Higgins (1973) 
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for a description of the minor structural features in the northeastern 
Maryland Piedmont. 

The major regional structural feature of the eastern Maryland 

Piedmont is the Baltimore-Washington enticlinorium (Fisher. 1963, 

1970; Hopson. 1964: Southvick. 1969; Ceovley, 1976), a refolded. 
doubly plunging anticlinorium that extends from the vicinity of 

Washington, D.C., to central liarford County, Narylend (fig. 1). The 
antfclinorium is cored by complexly refolded Ldomesn and nappes 

(Fisher and others, 1979) of -1.1 b.y. old Baltimore Gniess. The 
northeastern end of the anticlinorfum is complicated by faulting and 

by superimposed folding, so that there is no single axial trace or 

single nose for the major fold (pl. 2). In addition, through most of 

northeastern Baltimore and southwestern Harford Counties, the south- 
eastan limb of rhe anrlclinorium is covered by the Baltimore Complex 

thrust sheet (Southwick end Ovens, 1968; Crovley and others, 1976; 
Fisher and others, 1979). Cecil County is located just northeast of 

the complicated northeastern end of the Baltimore-Washington anticli- 

noriw. 
Plate 2 is a generalized geologic map vith structural interpreta- 

tions, that is modified from Southwick end Owna (1968). Crovley 

(1976, pl. 2), Fisher end others (1979), end plate 1 of this pepper. 

on this map. the Baltimore Complex is shown as thrust upon the diemic- 

tites of the Sykesville Formetion following Crovley (1976). Morgan 

(1977). FLsher and others (1979). and Drake and Morgan (1981). The 
evidence for this interpretation, ae sunnurized by Fisher and others 

(1979, p. 32;33), consists mainly of the fact that the northwestern 

coatact of the Baltimore Complex places the complex in contact with 

different units throughout its course (cuts down section in the 
footwall) and places footwall rocke In contact with successively 

higher units of the complex (cuts up section in the hanging wall). 
The presence of clasts of Baltimore Complex rooka in the Sykesvillr 

dlemictites shows that the complex ir not intrusive. The 
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interpretation shorn in plate 2 differs from that of Crovley (1976) 

and Fisher and others (1979) in showing the ultramafic and mafic- 

ultramafic rocky that veer westward from tho raat of the complex in 
Harford County bounded on the south by a thrust. The same reasoning 

used to interpret the northern contact of this largely ultramafic mass 
as a thrust fault also applies to the southern contact because it also 

cuts different units within the mass and different units in the 
foorwall (pl. 2; Southwick and Owens, 1968). In addition, the south- 

eastern contact of the Baltimore Complex is shown as a thrust fault 

along which the James RunFormation, Conowingo diamictfte. and pelitic 

schist units are thrust upon the complex (pl. 2). This thrust also 
cuts different units in the foowall (BaltLmora Complex) and different 

units in the hanging wall. 
The map pattcrns and other evidence in Cecil County (pl. 1) are 

compatible vith the interpretation. shorn in plate 2, that the James 
Run Formation and the Port Deposit Gneiso are thrust upon the Balti- 

more Complex, the Conowingo diamictite. the netagraywacke units, and 

the pelitic schist units (Glenam). This interpretation is supported 

by: (1) Some members of the James Run Formation appear to be truncated 

by this thrust in Cecil County (~1s. 1 and 2). and different members 
of the Jamas Run are in contact with the metagrayvacke and pelitic 

schist units; (2) The Conowingo diamictite melange has sedimented 
clasts of James Run rocks and Port Deposit Gnefss; (3) The narrow 

outcrop belt of metagrayvacke in northeastern Cecil County appears to 
have been overridden by the James Run Formation; and (4) Amphibolite 

dikes and sills that have intruded tha James Run Formation and the 

Port Deposit Gneisa along tbc Susquehanna River appear to be confined 

to these units. 
Problems still remain in the assignsant and nature of the meta- 

graywacke units and the placement of the thrust faults: (1) Are the 

metagrayvacke units (pl. 1) melange beneath the James Run-Port Deposit 
thrust sheet, with the outliers of Port Deposit Gneisr in the meta- 

graywacke northeast of the main Port Deposit body being sedimented 

debris rather than intrusive bodies? Or is the Port Deposit intrusive 
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into the metegraywecke?; (2) If th . meergtaywackes axe a melange, are 

they part of the Conovingo diamictite melange, or a separate melange 

that overrode the Conowingo? 
Several lines of evidence suggest that the wtagraywacke units 

are melange: (1) In addition to the outliers of Port Deposit Cneiss in 
the metagraywecke unit (pl. 1). the wtagraysacke units contain what 

my be megaclasts of mafic breccia near College Green and mafic rocks 

in the northeastern corner of Cecil County near the Delaware State 

line (~1s. 1 and 2); (2) Scattered amphibolites within the metagray- 
wacke unit (and some of the pelitic schist tit u well) may be 

sedimented debris from the James Run Formation; and (3) Tbe Conowingo 
dianictitc mtlenge contains sedimented clasts of metagraywacke (fig. 

62) that are lithic matches of the rocks in the metagraywacke units. 
These metagraywacke clrote were metemorphosed end deformed prior to 

incorporation in the melange. The diamfctite melange also contains 

zircons that have yielded radiometric ages of -1.1 b.y. (Sinha and 

others, 1971). If the netagraywacks clasts in the diamictite are 

derived from the metagrayvacka units. as they appeu to be, then the 

metagraywacke units must constitute a separate melange and thrust 

sheet that is structurally stacked above the Conovingo melange. A 

similar situation exists between the Peters Creek Schist and the 

Sykewille Formation in northern Virginia (Drake and Morgan. 1981). 
Strongly linaated epidiarltes and epidota amphiholites underlie a 

large area southeast of the James Run Formation and Port Deposit 
Gneiss in Harford County (Southwick and Ovens, 1968; pl. 2. this 

paper) . Southwick (1969, p. 61-63) called these rocks 'Hetagabbro 
near Aberdeen: but they have more recently (Crovley, 1976; Morgan, 

1970 been referred to as Aberdeen matagabbro. Crowley (1976. p. 32. 

and pl. 2) suggested that the Aberdeen metegabbro might be a thrust 

sheet. Such an interpretation is shown in plate 2, and the gabbro and 

serpentinite at Grays Hill are also included in this Aberdeen thrust 

sheet. With this interpretation, the James Run Formation metavolcanic 

rocks within the Aberdeen metagabbro outcrop area in Harford County 

(Southwick and Owens, 1968; pl. 2, this paper) are considered to be 
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exposed in windows. Alternrtivaly. the 'strongly lineated epidiorite 

and epidote amphibolitew (Southwick end Owens, 1968) may belong to the 

James Run Formation. 
The bulk of the evidence in Cecil and Herford Counties supports 

the interpretation, given in plate 2, that there ere several stacked 

thrust sheets in this aree. 

AGE RElATIONS 

Interpretations of the ages of the rocks in the Maryland Piedmont 
(see reviev in Higgins. 1972) have been *pendent upon:- (1) correla- 

tions with upper Precambrian-lower Paleozoic rocks in the Blue Ridge 
et south Houmain and nine Ridge in southeastern Pennsylvania. with 

lover Paleozoic rocks on the flanks of the West Chester-Avondale- 
Woodville anticlinoriun in southarstsrn Pennsylvania, with lover 

Paleozoic rocks in the Ranover-York. laxaster, and Chester Valleys in 

southeastern Pennsylvanir. with lower Peleozoic rocks in the Valley 

and Ridge province, and with upper Precambrian flysch sequences in 

Virginia (Lynchburg Formtion) and in the southern Appalachians (Ocoee 
Supergroup); (2) radiometric ages and their interpretation: and (3) 

interpretations of the relations between the Maryland Piedmont rocks 

and the Quantico Formation (formerly Quantico Slate, see Pavlides. 

1980) in the northern Virginia Piedmont. 

Correlations 
Basically, tiers have been two different view on the correlation 

and age of the Maaryland Piedmont rocks: (1) That the Maryland Piedmont 

rocks are Precaabrien end not correlative with uppermost Precambrian 

and (or) lower Paleozoic rockr in the Blue Ridge, on the flanks of the 

West Chester-Avondale-WoadviIle anticlinorivm, in the Hartic Hills, in 
the Hanover-York. lancestar. and Chester Valleys, or in the Valley and 

Ridge province (Bascon end others, 1909; Bliss and Jonas. 1916: Bascom 
and Niller, 1920; Knopf and Jonas, 1922, 1923, 19294, 1929b; Jonas, 

1928. 1929; Jonas end Stose, 1930; Stose and Jorue, 1939; Stose and 

Stose. 1946. 1948; Hopson, 1964; Southwick, 1969; Fisher, 1970; 



g/19/86 78 

Seiders end others. 1975; Rankin, 1975; Seidars, 1976a, 1976b), but 

essentially correlative with the upper Precambrian Lynchburg Formation 

in Virginia and the Ocoee Supergroup in the southern Appalachians 
(~opson. 1964); and (2) That the Maryland Piedmont rocks are correla- 

tive with the uppermost Precambrian and lower Paleozoic rocks to the 

west (Mathews, 1905; Bascom, 1905; Mathevs and Miller, 1905; Miller, 

1935; Mackin, 1935; Cloos and Hietanen, 1941; Svarts, 1948; HcKinstry, 

1961; Higgins, 1972. 1973, 1976a. 1976b; Fisher and others, 1979). 

The recognition that many of the rocks in the Maryland Piedmont 
(including most of the old Wissahickon Formation - now abandoned) are 

allochthonous (Drake and Horgan. 1981. and references therein) makes 

most previous correlations untenable. Kmphanis must now be placed on 

times of thrusting and interrelations between different thrust sheets. 

Radiometric ages 

Numerous radiometric ages hsve bean published from rocks in the 

Maryland and northern Virginia Piedmont. Compilations of most of the 

radiometric data published before 1977 were given by Higgins (1972) 
and Higgins and others (1977). 

U-Pb zircon ages and Kb-Sr vhole-rock and mineral ages showed 
that the Baltimore Cneiss vent through a period of crystallization 

about 1 to 1.3 b.y. ago (Tilton and othara, 1958; Uetherill and 
others, 1966. 1968: Tilton and others, 1970). thus defining a maximum 

age of tectonic emplacement for all of the rocka abova the Baltimore 
Cneiss in the Maryland Piedmont. On the b-18 of U-W analyses, 

zircons from metavolcanic rocks of the the James Run and Chopavamsic 
Formetions were interpreted to be about 5.50 \.y. old (Tilton and 

othera. 1970; Higgins and others, 1971), or between 500 and 600 m.y. 

old (Higgins. 1972). On the basis of II-pb analyses. zircons from the 
supposed synkinematic granitic rocks were interpreted to be about 500 

m.y. old (Davis and others, 1958; Tilton and others. 1959; Davis and 

others, 1960: kopson. 1964; Davis and others, 1965; Wetherill and 

others, 1966), or betveen 500 and 600 m.y. old (Higgins. 1972), and 
zircons from the -late-kinematic. plutons were interpreted to be about 
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425 to 450 l6.y. old (Tilton and otherr, 1959; Hopson. 1964; Wetherill 

and otherr, 1966) -- this age vas supported by a Rb-Sr vhole-rock age 
for the Guflford Quartz Xonzonite of Hopson (1964). 

since 1972, several radiometric ager have boon published that 
beer on the ages of the rocke in the eeetem Maylend Piedmont. 

Grauert (1973a) dated zircons from the Baltimore Gneiss and inter- 

preted their pattern on a concordia diagram as indicating episodic 

lead loss about 450 a.y. ago. He also (Grauert, 1973b) dated zircons 

from the Gunpowder Granite, and found that the data have a lower 

intercept on a concordia diagram of about 330 m.y. He stated (1973b. 

p. 290): 

'If Steiger and Hopson's method of interpretation were 
applied to the nev data, the minimum age of crystalliza- 

tion for the euhedral zircons vould be considerably lower. 
about 430 m.y. instead of 500 m.y. If is, hovever, 

striking that the age of 330 m.y., given by the lower 

intersection of the best-fit line vith the concordia. 

nearly coincides with the ages of the Rb-Sr mineral 

isochrons (biotite. muscovite. feldspar*) of three pegma- 

tites determined by Wetherill RR & (1966). It is there- 

fore possible that a distinct theraal (and tectonic?) 
event took place 320-350 m.y. ago: 

In another study, Crauert and Wagner (1975) found that detrital 

Precambrian zircons (about 1.5 b.y. old) in rocks of the Wilmington 

Complex in Delaware (probably correlative with part of the James Run 

Pormation -- Southwick, 1969: Higgins. 1972) have lover intercepts on 

a concordia diagram at 441 P.Y. They suggestad that 440 _ 40 n.y. Is 

the age of the granulite facie6 metamorphism in the Wilmington area. 
Seiders end others (1975) &ted rircone from two grenitic plutone in 

the northern Virginia Piedmont. One of thasa plutons. the Dale City 

Quartz Xonnonite, was thought by Seidara and others (1975) to have 

intruded the Quantico Formation as well an the Chopavamsic Formation. 
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The other pluton, the Occvquan Granite (Occoquan Ademelllce of Seiders 

end others, 1975) was thought to have intruded the Chopawemsic end 
Sykesville Formrtions. Soidero md &here (1975) interpreted the 

zircon ages as indicating an age of 560 my. for the two plutons. 

The validity of most of the -550 r.y. zircon ages in the Maryland 
and northern Virginia Piedmont was questioned by Higgins and others 

(1977; see also Seiders, 1970, and Zartmn. 1978), vbo shoved that 

there is a m that the ages are too old because the zircons 

may have inherited a component of older radiogenic lead. Muth and 
others (1979) published the results of Rb-Sr dating of muscovites from 

two pegmatites in the Potomac River gorge near Washington, D.C. 
According to Muth end others (1979, p. 349) the pegmetites and associ- 

ated small granitfc bodies, 

.intruded the Wissahickon during the climax of regional 

metmorphien just after formation of the major early folds 

end prior to formation of the latest folds and associated 

crenulation cleavage (Fisher. 19711.' 
They concluded (1979, p. 349): 

They show ages of 469 _ 20 m.y. and 469 _ 12 m.y. The 

ages may represent the tima of intnuion or cooling of the 
rocks below about 5OQ'C. The pegmatite* crosscut the 

foliation of the Clanarm metasediments. and thus their age 

places a younger limit on the time of &position of the 

series and of high-grade metamorphism in the area: 

To the southwest. in the Virginia Piedmont, Pavliden and others (1982) 
have interpreted IJ-Pb date8 on uircolu and Rb-Sr whole-rock and 

mineral dates as indicating ages of about 410 m.y, for early plutons 

and 300-325 r.y. for late plutons and dikes that crosscut the latest 
generation of folds in the area. Hot0 recently, A.K. Sinha (oral 

communication. 1981) has dated zircons from most of the granitic rocks 

and rocks of the James Run Formation in Naryland (many are the same 
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rocks for which zircon dater vote earlier interpreted as indicating 

ages of about 550 m.y.) and from felsic differentiates of tbe Balti- 
more col+en, and nose and Wage1 (1982) have published Rb-Sr ages for 
many of the plutonic rocks in the northern Virginia Piedmont. Sinha 

interprets the U-Pb zircon dates u indicating ages of 480-510 m.y. 
for the James Run metavolcanic roclo, the Port Deposit Gneiss. the 

Relay 'quartz diorite." and tbe Baltimore Complex. about 430 m.y. for 
tbe gneiss near Elk Mills, and about 330 m.y. for the Gunpowder 

Granite (also see Sinhe and othera, 1979). Nose and Nagel (1982) 
reinterpreted published U-Pb zircon ages from the Occoquan end Dale 

City plutons as too old because of xenocrystic zircons, and inter- 

preted their Rb-Sr dates (~1 indicating ages of about 500 m.y. for both 

plutons. 

Quantico Formation 
In the eastern part of the northern Virginia Piedmont the narrow 

Quantico syncline is cored with slate of the Quantico Formation and 

flanked by metevolcanic racks of the Chopawrnvris Formation and final- 

lY* on the west, by rocks of the Sykesvilla Formation (I4ixon and 

others, 1972; Seiders end Hixon. 1980). To the southwest. tha met=- 
morphic grade of the Quantico increases and the elete has been trans- 

formed to a garnetifaroua schist that locally contains staurolite. 

chloritoid, and sillimanite or @mite (Pavlidee, 1980: Pavlidee and 

others, 1980). For many ysers, the Quentico wu considered to be of 

Late Ordovician age on the basis of fossils reported by Wetson and 

Powell (1911). Geologic mapping by D.L. Soutbwick. J.C. Reed, Jr., 

and R.B. Nixon (Southwick and others, 1971: Mxon and others, 1972; 

Higgins, X972, p. 1009) suggested that the sequence from Sykesville 
diamictttes up through the metrwlcanic rocka of the Chopawamsic and 

through the Quantico Formation is conformable and without major faults 

(Southwick and others, 1971, p. D9). Southwick and others (1971) and 

Nixon and others (1972) accepted the Late Ordovician age for the 

Quantico Formetion, end a lete Precambrian age for the Sykestille 

diamictite (or "Wissahickon diamictita facies.), and assigned an age 
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of Cambrian or Ordovician to the ChopAvsmsic FormArion. I suggested 

(Higgins. 1972) that. in light of vhAt AppeAred to bA An unbroken, 
conformable sequence, the Quantico should be Ad&d to the Glenarm 

Group (As defined At thlt timA), md would &fine A minimum Age of 

Late Ordovician for the Glen~rm. 

Seidcrs And others (1975) disputed the Ordovician Age of the 
~uanci~o Formation and the validity of the fossilr on which that age 

WAS based, They contendad thAt the DA~O City QuArtz Nonzonite, which 

has A discordAnt zircon age that they interpreted es en intrusion age 
of About 560n.y., intrudes the QuAntico (Saidera And othars. 1975, p. 

492-495) AS wall AS the Chopaw~m~ic. Thus. they concluded that the 

Qumtico predates the Dale City pluton And is no younger than Early 

Cambrian. thereby plAcing An EArly CAmbriAn minimum age on the Glenarm 

Group. I Argued (Higgins, 1976A, 1976b) on geologic grounds that such 

an assignment w9.s erroneous. 
P~vlldes And others (1980) hAve shown through excAvAtions of the 

contAct between the Dale City pluton And the QuAntico Formation that 
the quautlco is unconformAble upon the DANA City, And thAt thA QuAnti- 

co was deposited on An erosionA AurfAca thAt hAd som topographic 
relief. They considered this unconfornrbla COntACt to be the s.Sme as 

the u.nconform~ble contact thAt PAVU&A (1973, 1976) hAd eArliar shown 

SepArAtCS the &AXItiCO from tha \+adrrIyiXXg ChOpeVAWiC FOr3SatiOn in 

the Fredericksburg, VirginiA. AreA. Even more important, however, 

P~vlides And others (1980) discovered A suite of fosoils in the 
QuAntico Fornation no more thrn 20 m ~bo'vs the buA1 unconformable 

contAct of the Quentico with the Dale City pluton. Ihe fossils 
indicate that the QuAntico is OrdovfciAn or youngAr (Pavlides and 

others, 1980, p. 290), probably Middle Ordwiciur or younger, And 
probably correlative with the well-dAted ANoniA Slats (Higgins, 1972; 

PAVlidAA, 1980; P~vlidss And others, 1980). PAVU&A And others 

(1960. p. 290) suggested A Late Ordovieirn Age for the @Antic0 

FormAtion, AS originally Assigned by VAtson And Povell (1911). 
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Discussion 

All of the AvAilAble evidence indicAteA that the Baltimore 

CO&AX, the JAWS Run FormAtion, and the plutona AsoociAted with the 

James Run ore Allochthonous. Moreover, theaa rocka supplied detritus 
to the Sykasville FormAtion melange. Therefore, the Sykesville 

Formation must be younger then the BAltimore Complex And the James Run 
Formation And its Associated plutanm. R~rlirr published U-Pb zircon 
dates were interpreted me indicAting Ages of About 550 n.y. for the 

James Run metavolcanic rocks And Associated plutons (Tilton And 
others. 1970; Higgins And othera, 1971; Htggiru, 1972), but extensive 
reanalysis by h.lC. Sinha (oral communication, 1981) indicates Ages of 
480 to 510 m.y. for the Baltimore Complex And the Jemes Run Formation 

And ite Associated plutons. Thus, the radiometric Ages indicate that 
the sykesville FormAtion iA At leut younger thrn Ahout 550 m.y., And 

probAbly younger th.en 510 ".y. 
Seiders And others (1975) published zircon Ages from the Dale 

City And Occoquan plutono in northern VirginiA, indicating intrusion 

ages of About 560 m.y. Both of these plurons l ppeu to hAve intruded 

the Chop~v~msic FormAtion. which his been interpreted As At least 

partly correlative with the J~maa Run Formation (Southwick And others. 
1971; Higgins, 1972; Seiders And otherA, 1975; PAvlides, 1976, 1980). 

The Dale City hur intruded only the ChopAw~mAic Form~tian (Pavlides 

And others, 1980). but the Occoquur has intruded the Sykesville 

Formation As well (Drake And RorgAn. 1981, p. 504; Drake, Vritten 
communication, 1982). Therefore, the Chopaw~msic muAt be older than 

the Dale City And Occoquan plutons, And the Sykesvilla must be older 

than the Ooeoquan. More recent radiometric Age dating of the Dale 

City And Occoquan plutons by Hose And NAgel (1981) indicates Ages of 
about 500 P.Y. for i3eae rock (494 _ 14 m.y. for the Occoquan). 

The radiometric AgeA And geologic relations in MArylAnd indicate 

that the Sykesville FormAtion is younger than 480-510 m.y., and that 

the Jaws Run FormAtion ir 480-510 a.y. old, where- radiometric Ages 

And geologic relations in northern VitginiA indierte that both the 
Sykesville end Chopav~m~ic Formationa Are older than About 495 n.y. 

Noreover, geologic relations in northern VfrginiA fndfcatc that the 
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~b~psvsmslc must be oldsr than the Sykesvflle. and additionally. that 

the Chopswsmsic rocks were netsmorphosed snd deformed before the 

Sykssville wss deposited (Drake and Norgsn, 1981; Drake snd Lyttle. 

1981; Drsks, written communication, 1982). Therefore, one or both 
sets of radiometric data are wrong, or the Chopswsmsic snd James Run 

Formations are not strictly correlative, or the Chopswsmsic and James 

Run are about 510 m.y. old. the Sykesvills in &out 500 ".y. old, and 

the Occoqusn pluton is about 495 m.y. old. The last possibility would 

require that geologic events took plsce at a very rapid rate In the 
eastern Elsrylsnd and northern Virginis Piedmont (also see Psvlides and 

others, 1980, and Mose snd Nsgel, 1982). If Sinhs's 480-510 m.y. 
zircon ages for the Jsmes Run ars correct snd sre crystallization ages 

rather than reset metsmorphic ages. then the Jsmes Run vould have to 
have basn metsmorphosed and deformed, snd thrust along with the 

Baltimore Complex in the time period between shout 510 snd 500 m.y. 
~onfirmarion of the tits Ordovician sge of the Qusntico Formation 

and documentation of its unconformable ralstion to the underlying 
rocks (Pavlides snd others, 1980) coupled tick, the age detenninstion 

of 469 _ 20 m.y. for pegmstitas usocisted vith late grsnitic rocks 

that have intruded metssedimentsry rocks in the Patomsc River gorge 
(Huth and others, 1979) poses s real problem for interpretation of the 

times of metamorphism snd deformstion in the Hsrylsnd and northern 

Virginia Piedmont. Muth and others (1979, p. 350) concluded that 

"sillimanite-grade metsmorphism and at least tvo episodes of deforms- 

tion took place before 469 _ 20 a.y. sgo: Meet time-scales (Holmes, 

1959; Geological Socisty of London Phsnerozoic time-scale, 1964; U.S. 
ceological s-y tlme-scale, 1981: Salvadore, 1985*) indicate thst: 

489 wy. (469 + 20 my.3 1s Esrly Ordovician. or at about the boundary 

between Early and &&idle Ordo~l~lStl; 469 n.y. (no -) is Kiddie or 

* Since this paper vss vritten. in 1981, three nsw time-scales have 

been published: (Harland and others, 1982: Pslmar. 1983; Sslvsdore, 

1985). None of thess new time-scslsn significsntly alters the sgse 

used here. 
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early Late Ordovlclan, or at about the boundary bctueen Middle and 
Late Ordovician; and 449 m.y. (469 - 20 m,y.) la I.&c Ordovician. 
kbwevrr ) the upper Ordovician Quentico Formation has locally been 
metamorphosed to sillimanite-grade and folded into the 
major regional Quantico syncline that has been modified by subsequent 

folding (Southwick and others, 1971; HiggLna, 1972, 1976a, 197bb: 

Mixon and others, 1972; Seidsrs and others, 1975; Pavlidee, 1976, 

1980, and oral communication, 1981; Pavlides and others, 1980). 

The Late Ordovician age of the Quentico Formation is well estab- 
lished on fauna1 evidence and is in l greamant with fauna1 ages from 

the correlative Arvonia Slate (Darton, 1892; Stosa and Stose. 1948; 
ApplegAte. 1955; Tillnan. 1970; Pavlides and others, 1980). There- 

fore, the possibilities are that the 469 _ 20 my. age for the pegma- 

tires is In error, or the time-scales are incorrect for this part of 

the Paleozoic, or the interpretation that the pagmatites are related 

+O the late grrnitic intwives and posrdate the sillimanite-grade 

metamorphism and deformation is in arror. At any rate, the Upper 

Ordovician Quantico Formation her bean aetemoxphossd to qhibolice 

facie8 grades and folded at laast twice. This is conclusive evidence 

that high-grade metamorphism and deformation occurred after Late 

Ordovician time in the northern Virginia Piedmont and probably in the 

Maryland Piedmont as wall. 

Pavlides and others (1982) obtained radiometric ages ,(U-Pb and 

Bb-Sr) of about 410 m.y. from a plutonic rock that had been metamor- 
phosed and foldad twice along with the Quantico Formation, and ages of 

about 330 n-y. from plutons that postdate folding and metamorphism. 
iic concluded that the last major metamorphism and deformation in the 

area took place between 410 and 330 m,y. ago. These ages *re virtuel- 

ly identical to ages from the Maryland and Delaware Piedmont. Both 

Crauert (1973b) and A.K. Sinha (oral communication, 1981) found zircon 
ages of about 330 m-y. from the Cunpovder Granite in Maryland. and 

Grauert (1973b) showad that published ager from undeformed pegmatites 
could be interpreted aa indicating an want 320-350 m.y. ago (nlao eee 

Higgins, 1973. p. 186.187). Grauert and Uagnar (1975) found zircon 
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apes suggesting that ~ranulito fraiee metemorphism .ln Delaware took 

place about 440 _ A0 m.y. ago, and A.K. Sinha (oral communication, 

1981) found zircon ages of about A30 m.y. from cho gneise near Elk 

Hills. These *gas are also similar to the 625450 n.y. ages from 

nlate-synkinematicw grenitic plutons in the Naryland Piedmont (Tilton 

and others, 1959; Hopson. 1964; Wetherill and others, 1966). Thus, 

all available geologic and radiometric evidence indicates that the 

last metamorphism and deformation in the central Appalachian Piedmont 

took place betveen about 440 .and 330 n.y. ago. 

SUMMARY AND CONCLUSIONS 
In the Maryland Piedmont, an -1.1 b.y. old "basement complex.' 

known as the Baltimore Cneiss. is unconformably overlain by the 

Setters Formation consisting of potassium-rich nicaceous quartsite, 

quartz schist, and lesser amounts of pelitic rocks and netaconglom- 

crate . Conformebly overlying th. Setters 1s . unit composed of a 

variety of metamorphosed carbonate rocks called the Cockeysville 

Harble. The Cockeysville is conformably overlain by e sequence of 
pelitfc rocks that includes the Loch P.aven Schist and much of the 

Oella Formation in Baltimore County, and unnamed schist and metagray- 

uacke-schist sequences in Harford and Cecil Counties. The Setters 

Formation, Cockeysvillo Marble, and the part of the pelitic sequence 
appear to be autochtbonous and make up the redefined Glenarm Group. 

Structurally above the autochtbonous Glenarm Group is a sequence 
of allochthonous stacked thrust sheets and associated melanges. In 

Cecil County, this sequence is composed of the Sykesville Formation 

melange, the Balt%more Complex thrust sheet, the Conowingo diamlctite 

melange, an unnamed metagraywacke-schist melange, the James Run-Port 

Deposit thrust sheet. end the Aberdeen metogabbro thrust sheet. 

Structurally lowest allochthonous rocks in Cecil County consti- 

tute tbe Sykesville Formation melange composed of a thick sequence of 
diamictite with abundant sedimented clasts from the overlying Balti- 

more Complex thrust sheet, and less abundant clasts from the James 

Run-Port Deposit thrust sheet. The Sykosville is interpreted as 
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olistoatromal. and the submarine slides mey hex.0 been triggered by 

arrival of the structurally ovarlying etack of thrust sheets and 

melG3nges. 
In northeastern Maryland, the Sykesville melange is structurally 

overlain by the Baltimore Complex thrust sheet. lkie thrust sheet is 

composed almost entirely of the Baltimore Complex, a thick sequence of 

mafic and ultremafic rocks that has been interpreted as an ophiolite 
by some workers. 

In Cecil and Harford Counties, the Baltimore Complex thrust sheet 
is locally overlain structurally by a thick sequence of diamictite 

melange, called the Conovingo diamictite. that is interpreted to 

include the zone of mixed rocka (gg&& - of this paper), incIudlng 

"quartz gabbros and quartz diorites. l that has previously been consid- 

ered part of the Baltimore Complex. The Conowfngo diamictfte contains 

sedimented debris from all the structurally higher thrust sheets and 

melanges and is considered a precursory melange to the stack of higher 

sheets. 

Locally, a unit of metagrayvacke and schist is present structur- 

ally beneath the James Run-Port Deposit thrust sheet. This unit 

contains sparse detritus, which is interpreted as derived from the 
overlying thrust sheet and which also may be melange. 

In the James Run-Port Deposit thrust shaat, the James Run Forma- 
tion consists of as much as 4,000 m of metavolcanic, wtasubvolcanic, 

metavolcaniclastic, and metavolcanic-epiclastic rocks ranging in 

composition from basalt through rhyolite. Size and percentage of 

amygdules in pillow basalts and relict eccretionary lapilli indicate 
that some of theso rocks were deposited or emplaced in shallov water, 

whereas pumice lapilli end the massive cherecter of other rocks in the 

sequence suggest subaerial deposition. All geologic evidence suggests 

that the James Run rocks formed in an island-arc environment. 

Several metamorphosed granitic plutons are closely associated 
with the James Run Formation -- the largest of these is the Port 

Deposit Cneiss in Cecil and Harford Counties, Maryland. These plutons 

have radiometric ages that are the same as those of the James Run 
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mer.¶v01cAnic rocb , and their chonical oolnpooitions partly overlap 

those of the metavolcanLc rocks. Moreover, they locally have finer 

grained phases that appaar to grada into James Run metavolcanlc rocks. 

All availabls evidence indicates that the plutons are shallow, hyp- 

abyssal intrusives that were the sources for some of the James Run 

rocks. 

The mafic rocks in the James Run Formation have geochemical 
characteristics of primitive magmas that probably crystallized during 

a late cumulus stage of differentiation. Trace-element abundances 

suggest that the James Run rocks are genetically linked with the 

Baltimore Complex. The Baltimore Complex was probably &rived from a 

sub-arc m4gm4. 
tirlier radiometric ages of zircons from the Port Deposit Gneiss 

and meravolcanic rocks of the James Run Formation suggested ages of 

about 550 n.y.. but extensive redating by A.K. Sinha suggests ages of 

about 480 to 510 '.y. for these rocks and the Baltimore Complex as 

well. Therefore, the structurally lower melanges, which contain 

sedimentad debris from the James Run Formation, Port Deposit Gneiss, 

and Baltimore Complex, must be younger than about 510 n.y. 

The highest thrust sheet exposed in Cecil and Rarford Counties is 

composed of lineated epidiorite and epidote amphibolite collectively 

called the Aberdeen metagabbro and tha gabbro and serpentinite at 

Grays Hill. 

In northern Virginia, the Sykesvilla Formation and the Chopavam- 
sic Formation, which is considered corrslativo with the James Run 

Formation, have both been intruded by the Occoquan Granite. Recent 

Rb-Sr age dating suggests that the Occoqw is about 495 m.y. old. If 

this age and the 480-510 n.y. ages from the Jamas Run Formation, Port 
Deposit pluton, and Baltimore Complaa are correct, it means that 
deposition of the Sykasville Formation in northern Virginia took place 

between 510 and 495 m.y. ago, and that ths James Run, Port Deposit 

Gneiss, and Baltimore Complex must have been metamorphosed, deformed, 

and thrust during this same short time period. Xoreover , the Chopa- 

wamsic Formation in northern Virginia is unconformably overlain by the 
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Quantlco Formation, which has yielded Late Ordovician fossils, but has 

been multiply foldad and locally metamorphosed to sillimanite grade. 

All available geologic and radiometric evidence indicates that the 
last metamorphism and deformation in the Maryland and northern Virgin- 

ia Piedmont took place between about 440 and 330 m.y. ago. 
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